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PREFACE 


TO   THE    SECOND    EDITION, 


Since  the  first  edition  of  this  Treatise  on  Roads 
was  published,  a  work  has  appeared,  entitled  "  The 
Life  of  Thomas  Telford,  Esq,,  written  by  himself," 
which  contains  the  following  passages  relative  to 
this  Treatise,  and  to  the  circumstances  which 
afforded  the  author  that  particular  kind  of  know- 
ledge which  enabled  him  to  write  it : — 

"  It  has  already  been  stated,  that,  on  Lord 
OriePs  retiring  from  public  life.  Sir  Henry  Parnell, 
member  of  parliament  for  Queen's  County  in  Ire- 
land, and  since  for  Dundee  in  Scotland,  was  not 
only  the  principal  instrument  in  carrying  the  Holy- 
head Road  Bills  through  parliament,  but  has  ever 
since  continued  to  be  the  most  eflScient  of  the  com- 
missioners. Fully  impressed  with  the  importance 
of  rendering  the  communication  between  London 
and  Dublin  perfect,  he  has,  during  the  last  twenty 
years,  applied  himself  to  this  object,  for  effecting 
which  both  talents  and  management  have  been 
required,  as  well  as  perseverance. 
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"  1st,  He  had  to  convince  government  of  the 
advantages  to  be  derived  from  the  scheme,  and 
induce  them  to  furnish  tlie  means  of  defraying  the 
expense;  2d,  to  procure  the  consent  of  all  the 
numerous,  and  in  some  instances  turbulent,  bodies 
of  local  trustees,  upon  an  extensive  line  of  road ; 
and,  3d,  to  arrange  the  sea  communication  be- 
tween Holyhead  and  Dublin ;  for  which  purpose 
the  harbour  of  Holyhead  was  improved,  in  a  man- 
ner which  has  rendered  it  serviceable  as  a  harbour 
of  refuge,  far  beyond  the  immediate  purpose  of 
protection  of  the  packets ;  and  a  harbour  has  also 
been  made  at  Howtli,  nortliward  of  the  city  of 
Dublin.  All  this  he  has  effectually  accomplished, 
and  by  extending  his  services  beyond  the  usual 
duties  of  a  parliamentary  commissioner,  and  therein 
devoting  much  of  his  time  to  the  personal  inspec- 
tion of  practical  operations,  he  has  acquired  so 
perfect  a  knowledge  of  road-making  in  all  its 
branches,  as  has  enabled  him  to  produce  the  most 
valuable  Treatise  which  has  appeared  in  England, 
on  the  history,  principles,  and  practice  of  that 
species  of  national  improvement" 
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INTRODUCTION. 

W^HEN  society  has  attained  a  high  degree  of  in- 
dustry and  wealth,  so  many  persons  and  goods  are 
set  in  motion  for  the  purpose  of  administering 
to  its  business  and  its  luxuries,  that  the  con- 
struction of  public  roads  in  such  a  manner  as  to 
admit  of  safe  and  rapid  transport,  and  of  the 
reduction  of  the  cost  of  carriage  to  the  lowest 
possible  amount,  becomes  matter  of  the  greatest 
importance. 

To  explain  how  these  objects  may  be  best  se- 
cured is  the  purpose  of  the  following  pages. 

The  measures  necessary  for  affording  the  means 
of  travelling  with  rapidity  and  safety,  and  of  trans- 
porting goods  at  low  rates  of  carriage,  form  an 
essential  part  of  the  domestic  arrangements  of 
every  people.  Roads  are,  in  point  of  fact,  neces- 
sary ingredients  in  the  first  change  that  every  rude 
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country  must  undergo  in  emerging  from  poverty 
and  barbarism.  It  is,  therefore,  one  of  the  most 
important  duties  of  government  to  enact  such  laws, 
and  provide  such  means,  as  are  requisite  for  the 
structure  and  maintenance  of  well-made  roads 
throughout  the  territory  under  its  authority. 

M.  Storch  most  correctly  says,  that,  "  after 
giving  protection  to  property  and  person,  a  govern- 
ment  can  bestow  on  a  nation  no  greater  benefit 
than  the  improvement  of  its  harbours,  canals,  and 
roads."  * 

Speaking  of  roads,  the  Abbe  Reynal  justly  re- 
marks, "  Let  us  travel  over  all  the  countries  of  the 
earth,  and  whenever  we  shall  find  no  facility  of 
travelling  from  a  city  to  a  town,  or  from  a  village 
to  a  hamlet,  we  may  pronounce  the  people  to  be 
barbarians." 

It  has  been  well  said  by  a  writer  in  the  first 
volume  of  the  Communications  to  the  Board  of 
Agriculture,  that  "  the  conveniencies  and  beneficial 
consequences  which  result  from  a  free  and  easy 
communication  between  different  parts  of  a  country 
are  so  various,  the  advantages  of  them  so  generally 
and  so  extensively  felt  by  every  description  of  in- 
dividuals from  the  highest  to  the  lowest,  that  no 
labour  or  expense  should  be  spared  in  providing 
them.  Roads,  canals,  and  navigable  rivers,  may 
be  justly  considered  as  the  veins  and  arteries 
through  which  all  improvements  flow.  How  many 
places  in  almost  every  country  might  be  rendered 

*  Cours  d'Economie  Politique,  vol.  i.  p.  188. 
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doubly  valuable,  if  access  to  them  were  practicable 
and  easy  I " 

Adam  Smith  says,  ''Good  roads,  canals,  and 
navigable  rivers,  by  diminishing  the  expense  of 
carriage,  put  the  remote  parts  of  a  country  nearly 
on  a  level  with  those  in  the  neighbourhood  of  a 
town  ;  they  are,  upon  that  account,  the  greatest  of 
all  improvements." 

To  establish  perfect  roads  throughout  a  country 
is  an  object  of  no  small  importance  as  regards 
public  economy.  In  proportion  as  roads  are  level 
and  hard,  will  there  be  a  saving  of  horse  labour,  a 
cheaper  description  of  horse  may  be  employed, 
less  food  will  be  consumed,  and  fewer  servants 
wanted.  The  expense  of  travelling,  and  the  charges 
for  the  carriage  of  goods,  will  be  lower.  A  saving 
to  the  public,  amounting  in  the  aggregate  to  a  con- 
siderable sum,  will  thus  annually  take  place,  to  be 
applied  either  to  the  accumulation  of  national 
capital,  or  to  some  other  purpose. 

It  will  be  useful,  previously  to  showing  what  is 
necessary  to  be  done  in  order  to  secure  good  roads 
in  this  country,  to  mention  the  conduct  of  other 
nations  in  this  branch  of  domestic  economy. 

A  description  of  this  kind  may  serve  to  give  a 
better  tone  to  the  ideas  of  those  country  gentlemen, 
who  are  trustees  of  the  public  in  the  management 
of  its  roads,  and  may  encourage  them  to  form  a 
more  enlarged,  and  more  correct  conception  of 
their  duties  and  their  responsibility. 

The  following  quotations  are  taken  from  the 
French  Encyclopaedia,  under  the  head  of  Chemin. 
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The  very  interesting  information  they  contain  will 
be  a  sufficient  apology  for  their  length : — 

**  The  police  of  roads  does  not  begin  to  show 
itself  as  worthy  of  consideration  until  the  prosperous 
times  of  Greece.  The  senate  of  Athens  watched 
over  them.  The  Lacedaemonians,  Thebans,  and 
other  states,  confided  them  to  the  care  of  the  most 
eminent  men.  It  does  not,  however,  appear  that 
this  display  of  management  produced  any  consider- 
able effect  in  Greece.  It  was  reserved  for  a  com- 
mercial people  to  observe  the  benefits  of  facility  of 
travelling  and  transporting  goods ;  hence  it  is  that 
the  invention  of  paved  roads  is  given  to  the  Car- 
thaginians. 

•*  The  Romans  did  not  neglect  the  example  of 
the  Carthaginians,  and  that  part  of  their  labours  is 
not  the  least  glorious  to  this  people.  The  first 
road  they  made  was  the  Via  Appia^  the  second  the 
Via  Aurelia^  the  third  the  Via  Flaminia.  The 
public  and  the  senate  held  the  roads  in  such  esti- 
mation, and  took  so  great  an  interest  in  them,  that 
under  Julius  Caesar  the  principal  cities  of  Italy  all 
communicated  with  Rome  by  paved  roads. 

"  Their  roads  from  that  period  began  to  be 
extended  into  the  provinces. 

"  During  the  last  African  war,  the  Romans 
made  a  road  with  rectangular  broken  stones  (de 
cailloux  tailles  en  quarre),  from  Spain  through 
Gaul  to  the  Alps.  Domitius  GBnoberbus  paved 
the  Via  Domitiaj  which  led  to  Savoy,  Dauphiny 
and  Provence.  The  Romans  made  in  Germania 
another  Via  Domitia. 
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"  Augustus,  when  emperor,  paid  more  attention 
to  the  great  roads  than  he  had  done  during  his 
consulate.  He  conducted  roads  into  the  Alps; 
his  plan  was  to  continue  them  to  the  eastern  and 
western  extremities  of  Europe.  He  gave  orders 
for  making  an  infinite  number  in  Spain ;  he  en- 
larged and  extended  the  Via  Medina  to  Gades. 
At  the  same  time,  and  through  the  same  moun- 
tains, there  were  opened  two  roads  to  Lyons ;  one 
of  them  traversed  the  Tarentaise,  and  the  other 
was  made  in  the  Alphenin. 

"  Agrippa  seconded  Augustus  ably  in  this  part 
of  his  government.  It  was  at  Lyons  he  began  the 
extension  of  roads  throughout  all  Gaul. 

"  There  are  four  of  them  particularly  remarkable 
for  their  length,  and  the  difficulty  of  the  country 
through  which  they  passed.  One  traversed  the 
mountains  of  Auvergne,  and  penetrated  to  the 
bottom  of  Aquitaine.  Another  was  extended  to 
the  Rhine  at  the  mouth  of  the  Meuse,  and  followed 
the  course  of  the  river,  to  the  German  Ocean ; 
the  third  crossed  Burgundy,  Champagne,  and 
Picardy,  and  ended  at  Boulogne-sur-Mer ;  the 
fourth  extended  along  the  Rhone,  entered  the 
bottom  of  Languedoc,  and  terminated  at  Mar- 
seilles. From  these  principal  roads  there  were 
an  infinity  of  branch  roads,  namely,  to  Treves, 
Strasburg,  Belgrade,  &c. 

"  There  were  also  great  roads  from  the  eastern 
provinces  of  Europe  to  Constantinople,  and  into 
Croatia,  Hungary,  Macedonia,  and  to  the  mouth 
of  the  Danube  at  Torres. 
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**  The  seas  were  able  to  cut  across  the  roads 
undertaken  by  the  Romans,  but  not  to  stop  them. 
Witness  Sicily,  Corsica,  Sardinia,  England,  Asia 
and  Africa,  the  roads  of  which  countries  commu- 
nicated with  the  roads  of  Europe  by  the  nearest 
ports.  What  labours!  when  we  embrace  in  one 
point  of  view  the  extent  and  the  difficulties  which 
opposed  themselves;  the  forests  opened,  the 
mountains  cut  through,  the  hills  lowered,  the 
valleys  filled  up,  the  marshes  drained,  and  the 
bridges  which  were  built ! "  * 

The  following  description  of  the  manner  in 
which  the  Roman  roads  were  made,  is  taken  from 
the  same  work :  — 

"  Les  grands  chemins  etoient  construits  selon 
la  diversity  des  lieux :  ici  ils  s'avanjoient  de  niveau 
avec  les  terres ;  1^  ils  s'enfon9oient  dans  les  vallons ; 
ailleurs  ils  s'elevoient  a  une  grande  hauteur  ;  par- 
tout  on  les  commen9oit  par  deux  sUlons  traces  au 
cordeau  ;  ces  paralleles  fixoient  la  largeur  du  che- 
min  ;  on  creusoit  Tintervalle  de  ces  paralleles ; 
c'^toit  dans  cette  profondeur  qu'on  6tendoit  les 
couches  des  matdriaux  du  chemin.  C'6toit  d'abord 
un  ciment  de  chaux  et  de  sable  de  P6paisseur  d'un 
pouce ;  sur  ce  ciment,  pour  premiere  couche,  des 
pierres  larges  et  plates,  de  dix  pouces  de  hauteur, 
assises  les  unes  sur  les  autres,  et  liees  par  un  moitier 
des  plus  durs ;  pour  seconde  couche,  une  ^paisseur 
de  huit  pouces   de  petites  pierres  rondes,  plus 

*  French  EDcyclopaedia,  article  Chemiii,  folio  edit  voLiii. 
p.  276. 
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tendres  que  le  caillou,  avec  des  tuiles^  des  moillons, 
des  platras,  et  autres  decombres  d'edifice,  le  tout 
battu  dans  un  ciment  d'alliage;  pour  la  trosi^me 
couche,  un  pied  d*epaisseur  d*un  ciment  fait  d'une 
terre  grasse,  melee  avec  de  la  chaux ;  ces  matieres 
int^rieures  formoient  depuis  trois  pi^ds  jusqu'^  trois 
pieds  et  demi  d'epaisseur.  La  surface  etoit  de  gra- 
vois  lie  par  un  ciment  mele  de  chaux;  et  cette 
croute  a  pu  resister  jusqu*a  present  en  plusieurs 
endroits  de  TEurope/' 

"  The  Roman  roads,**  says  Mr.  Tredgold,  "  ran 
nearly  in  direct  lines ;  natural  obstructions  were 
removed  or  overcome  by  the  effort  of  labour  or  art, 
whether  they  consisted  of  marshes,  lakes,  rivers,  or 
mountains.  In  flat  districts,  the  middle  part  of 
the  road  was  raised  into  a  terrace. 

**  In  mountainous  districts,  the  roads  were  alter- 
nately cut  through  mountains  and  raised  above  the 
valleys,  so  as  to  preserve  either  a  level  line  or  a 
uniform  inclination.  They  founded  the  road  on 
piles  where  the  ground  was  not  solid,  and  raised  it 
by  strong  side  walls,  or  by  arches  and  piers  where 
it  was  necessary  to  gain  elevation.  The  pd,ved 
part  of  the  great  military  roads  was  sixteen  Roman 
feet  wide,  with  two  side  ways,  each  eight  feet 
wide,  separated  from  the  middle  way  by  two  raised 
paths  of  two  feet  each.**  * 

The  fiinds  for  making  roads  were  so  well  secured 
and  so  considerable,  that  the  Romans  were  not 

*  See  Tredgold  on  Railways,  p.  6. 
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satisfied  to  make  them  convenient  and  durable, 
but  they  also  embellished  them. 

"  They  had  columns  placed  from  mile  to  mile  to 
mark  the  distance  of  one  place  from  another ;  blocks 
of  stone  for  foot  travellers  to  rest  upon,  and  to  assist 
horsemen  to  mount  their  horses ;  and  also  temples, 
triumphal  arches,  mausoleums,  and  military  stations. 

"  Such  was  the  solid  construction  of  the  Roman 
highways,  that  their  firmness  has  not  entirely  yielded 
to  the  effect  of  fifteen  centuries. 

"  They  united  the  subjects  of  the  most  distant 
provinces  by  an  easy  and  familiar  intercourse ;  but 
their  primary  object  was  to  facilitate  the  marches 
of  their  legions."  * 

After  enumerating  all  the  cities  in  the  different 
parts  of  the  empire,  Mr.  Gibbon  says,  "  All  these 
cities  were  connected  with  each  other  and  with  the 
capital  by  the  public  highways,  which,  issuing  from 
the  forum  of  Rome,  traversed  Italy,  pervaded  the 
provinces,  and  were  terminated  only  by  the  frontiers 
of  the  empire. 

"  If  we  carefully  trace  the  distance  from  the  wall 
of  Antoninus  (in  Britain)  to  Rome,  and  from  thence 
to  Jerusalem,  it  will  be  found  that  the  great  chain 
of  communication  from  the  north-west  to  the  south- 
east part  of  the  empire  was  drawn  out  to  a  length 
of  4080  Roman  miles,  or  3740  English  miles.  The 
public  roads  were  accurately  divided  by  milestones. 


*  See  Bergier,  Histoire  des  grands  Chemins  de  TEmpire 
Romain,  liv.  ii.  cap.l.  p.  28. 
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and  ran  in  a  direct  line  from  one  city  to  another, 
with  very  little  respect  for  the  obstacles  either  of 
nature  or  private  property  r  mountains  were  passed, 
and  bold  arches  thrown  over  the  broadest  and  most 
rapid  streams.  The  middle  part  of  the  road  was 
raised  into  a  terrace,  which  commanded  the  adjacent 
country,  and  consisted  of  several  strata  of  sand, 
gravel,  and  cement,  and  was  paved  with  large 
stones,  which  in  some  places  near  the  capital  were 
of  granite.'' 

The  following  are  Mr.  Pinkerton's  observations 
on  the  Roman  roads :  — 

"  One  of  the  grand  causes  of  the  civilisation 
introduced  by  that  ruling  people  (the  Romans) 
into  the  conquered  states,  was  the  highways,  which 
form,  indeed,  the  first  germ  of  national  industry, 
and  without  which  neither  commerce  nor  society 
can  make  any  considerable  progress.  Conscious 
of  this  truth,  the  Romans  seem  to  have  paid  par- 
ticular attention  to  the  construction  of  roads  in  the 
distant  provinces;  and  those  of  England,  which 
may  still  be  traced  in  various  ramifications,  present 
a  lasting  monument  of  the  justice  of  their  con- 
ceptions, the  extent  of  their  views,  and  the  utility 
of  their  power.  A  grand  trunk,  as  it  may  be  called, 
passed  from  the  south  to  the  north,  and  another  to 
the  west,  with  branches  in  almost  every  direction 
that  general  convenience  and  expedition  could 
require.  What  is  called  Watling  Street  led  from 
Richborough,  in  Kent,  the  ancient  Rutupiae, 
north-east,    through   London,    to   Chester.     The 
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Ermine   Street  passed  from  London  to  Lincoln^ 
thence  to  Carlile,  and  into  Scotland. 

"  The  Foss  Way  is  supposed  to  have  led  from 
Bath  and  the  Western  regions,  north-east,  till  it 
joined  the  Ermine  Street.  The  last  celebrated 
road  was  Ikeneld,  or  Ikneld,  supposed  to  have 
extended  from  near  Norwich,  southward,  into 
Dorsetshire."  * 

Mr.  Eustace  says,  in  his  Classical  Tour,  "Thus 
the  civilised  world  owes  to  the  Romans  the  first 
establishment  and  example  of  a  commodious  inter- 
course ;  one  of  the  greatest  aids  of  commerce  and 
means  of  improvement  that  society  can  enjoy." 

He  further  says,  "  The  barbarians  who  over- 
turned the  Roman  power  were  for  many  ages  so 
incredibly  stupid  as  to  undervalue  this  blessing, 
and  almost  always  neglected,  and  sometimes  wan- 
tonly destroyed  the  roads  that  intersected  the  pro- 
vinces which  they  had  invaded.  To  this  day  the 
different  governments  of  Germany  (except  Austria), 
Spain,  Portugal,  Sicily,  and  Greece,  are  still  so 
immersed  in  barbarism,  as  to  leave  the  traveller  to 
work  his  way  through  their  respective  territories, 
with  infinite  fatigue  and  difficulty,  by  tracks  and 
paths  oftentimes  almost  impracticable."  t 

Among  modem  nations,  France  is  one  of  the 
most  distinguished  for  her  early  attention  to  estab- 
lishing numerous  roads. 

♦  Pinkerton's  Geography,  vol.  i.  p.  20. 
t  Vol.  iii.  p.  178. 
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The  following  account  of  her  roads  is  taken  from 
Peuchet's  Statistical  Account  of  France : — "  The 
origin  of  our  principal  roads  is  generally  attributed 
to  Philip  Augustus ;  it  was  under  his  reign,  and 
by  his  orders,  that  the  city  of  Paris  began  to  be 
paved. 

"  Sully  took  great  interest  in  the  improvement 
of  the  roads.  He  first  introduced  the  practice  of 
planting  trees  on  the  sides  of  them,  and  established 
r^ular  funds  for  their  repair.  Colbert  neglected 
nothing  to  advance  the  extension  of  roads  through- 
out France;  and  M.  Desmartis,  who  succeeded 
him,  caused  the  road  from  Paris  to  Orleans  to  be 
made.  He  was  the  founder  of  the  corps  of  en- 
gineers,  appointed  to  superintend  the  works  belong- 
ing to  the  roads.  Under  the  administration  of  the 
Duke  de  Noailles,  the  roads  were  improved  and 
carried  through  the  provinces.  In  I726  the  de- 
partment of  the  Fonts  et  Chaussies  fell  into  great 
disorder,  and  was  in  want  of  sufficient  funds,  but 
the  Director-general,  the  brother  of  the  celebrated 
Cardinal  Dubois,  recommenced  the  repairs  of  them, 
and  continued  them  with  great  regularity. 

"  Under  the  administration  of  M.  de  Trudaine, 
in  1787,  a  number  of  new  roads  were  made.  He 
established  the  Ecole  des  Pants  et  Chaussiesy  under 
M.  Perronet,  as  chief  engineer,  and  at  his  death  he 
left  to  this  school  his  manuscripts  and  library.  This 
school  is  under  the  minister  of  the  Home  Depart- 
ment ;  the  scholars  are  fifty  in  number ;  these  are 
selected  from  the  Polytechnic  School,  and  receive 
an  allowance  of  seventy-five  francs  a  month. 
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"  The  roads  of  France  were  divided  at  this  time 
into  four  classes,  according  to  their  importance, 
and  the  breadth  that  is  given  to  them.  The  first 
class  comprised  the  great  roads  which  traverse  the 
whole  of  France,  from  Paris  to  the  principal  cities 
and  the  ports ;  the  second  class,  the  roads  between 
the  provinces  and  principal  cities ;  the  third  class, 
the  roads  between  the  principal  towns  in  the  same 
province  and  the  neighbouring  provinces ;  and  the 
fourth  class,  the  roads  between  small  towns  and 
villages. 

**  By  an  order  of  council  of  the  6th  of  February, 
1776*  the  breadth  of  the  first  cJass  was  fixed  at 
forty-two  feet  (French)  between  the  fences;  of 
the  second  at  thirty-six  feet ;  of  the  third  at  thirty 
feet ;  and  of  the  fourth  at  twenty-four  feet. 

**  The  roads  have  since  been  divided  into  three 
classes,  not  according  to  their  breadth,  but  tlieir 
direction."  • 

All  the  principal  roads  of  France  are  under  the 
management  of  Government.  The  department  of 
the  Ponts  et  Chaussies  has  the  care  of  them.  In 
the  year  1836,  the  sum  of  £896,000  was  granted 
by  the  chambers  for  maintaining  them. 

Notwithstanding,  however,  the  attention  which 
has  been  paid  to  the  roads  in  France,  their  actual 
state  as  to  number,  extent,  and  condition,  shows  that 
the  system  of  management  is  extremely  imperfect. 

With  the  exception  of  those  parts  of  the  main 
roads  leading  from  Paris  which  are  paved,  they  are 

•  Peuchet,  p.  458. 
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weak  and  rutted.  In  those  districts  where  they 
are  repaired  with  gravel,  they  are  almost  impassable 
in  winter ;  the  diligences  with  six  horses  with  diffi- 
culty travel  four  miles  an  hour.  In  other  districts, 
where  the  materials  are  harder,  a  road  is  seldom  to 
be  seen  with  a  smooth  surface  and  of  sufficient 
strength.  Very  extensive  tracts  of  the  kingdom 
are  wholly  without  regularly  formed  roads ;  and, 
therefore,  however  valuable  the  efforts  of  the 
statesmen  of  France  may  have  been  in  bringing 
the  business  of  road-making  to  the  point  at  which 
it  has  arrived,  there  is  still  wanting  some  new  plan 
of  legislation,  by  which  good  roads  may  be  made, 
not  only  from  one  town  to  another,  but  into  and 
through  every  commune  in  France. 

In  Spain  the  caminos  realesj  or  king's  highways, 
are  not  numerous,  nor  are  they  kept  in  good  re- 
pair. Taking  Madrid  as  a  point  of  departure,  there 
are  two  good  roads  to  Bui'gos ;  one  passing  through 
Valladolid,  and  the  other  through  Aranda  de  Duero. 
From  Burgos,  the  road  is  continued  by  Vittoria 
and  Irun  to  France.  Both  these  roads  are  in  tole- 
rable repair.  From  Valladolid  a  good  road  has 
been  made  by  Valentia  and  Reynosa  to  Santander. 
There  are  two  good  roads  to  Bilboa;  one  by 
Miranda,  the  other  by  Vittoria. 

To  the  northward,  there  is  a  camino  reals  through 
Gallicia  to  Corunna  and  Ferrol ;  but  in  such  want 
of  repair,  as  to  be  impassable  in  numerous  places 
for  loaded  carriages ;  attempts  are,  however,  now 
making  to  improve  it.  In  Catalonia  the  roads  are 
comparatively  numerous  and  good. 
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The  road  from  Saragosa  to  Barcelona  has  lately 
been  put  in  repair,  and  a  diligence  was  established 
upon  it  in  the  beginning  of  the  year  1831. 

The  other  roads  which  are  traced  upon  maps  of 
Spain  may  be  divided  into  three  classes : — 

1st,  Roads  which  have  originally  been  made  and 
covered  with  road  metal ;  2dly,  Roads  across  the 
plains  and  through  the  valleys,  formed  by  the  tracks 
of  the  country  carts,  and  which  have  only,  in  a  few 
places,  been  artificially  constructed ;  and,  3dly,  the 
mule  roads  or  paths,  worn  by  the  feet  of  the  mules 
travelling  over  the  mountains  during  a  long  series 
of  years. 

The  revenue  applicable  to  the  construction  and 
repair  of  the  roads  is  derived,  1st,  from  tollgates ; 
and  2dly,  from  local  taxes.  Upon  all  the  practi- 
cable roads  tolls  are  established  at  intervals  of  ten 
or  twelve  English  miles.* 

The  following  remark  on  the  roads  of  Spain  is 
taken  from  the  Edinburgh  Review  for  July,  1832: 
— "  Another  check  upon  agriculture  is,  that  with 
the  exception  of  some  few  high  roads,  which  are 
sufficiently  insecure,  there  exists  scarce  a  waggon 
or  cart  track  throughout  Spain.  All  means  of 
transport  are  therefore  dear ;  and  in  Salamanca,  it 
has  been  known,  afler  a  succession  of  abundant 
harvests,  that  the  wheat  has  actually  been  left  to 
rot,  because  it  would  not  repay  the  cost  of  carriage. 
About  90,000/.  is  the  average  annual  expenditure 
upon  the  roads  in  Spain." t 

♦  See  Foreign  Quarterly  Review,  vol.  L  p.  82. 
t  Vol.  Ixv.  p.  i4S. 
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In  the  most  populous  districts  of  the  German  and 
Russian  dominions,  the  chauss^e,  or  paved  road, 
similar  to  that  of  France,  is  common  ;  but  over  a 
great  part  of  these  countries  the  roads  are  little 
more  than  formed,  being  almost  without  any  pre- 
pared surface.     The  roads  in  Holland  are  gene- 
rally carried  in  undeviating  straight  lines  along 
that  low  and  flat  country,  between  a  double  row  of 
trees,  with  a  ditch  on  each  side.     The  Dutch  are 
at  great  pains  in  preparing  a  firm  foundation  for 
their  roads ;  which  are  then  built  with  their  bricks, 
called  clinkers  J  laid  in  lime ;  their  longest  direction 
being  across  the  road.     The  Swedes  have  long  had 
the  character  of  being  excellent  road  engineers. 
Good  rock  is  very  generally  met  with  in  Sweden, 
and  they  spare  no  pains  in  breaking  it  small ;  their 
roads  are  spacious  and  smooth. 

Where  the  country  has  been  opened  in  Russia 
the  roads  are  formed  on  scientific  principles,  but 
there  are  few  of  them.  In  the  United  States  of 
America  the  roads  have  latterly  been  much  im- 
proved ;  the  principal  lines  are  similar  to  the  gene- 
rality of  those  in  England.  Italy  still  preserves  its 
celebrity  for  interior  communication.* 

Before  the  peace  of  1814,  there  was  but  one 
great  road  throughout  the  kingdom  of  Prussia, 
namely,  that  between  Berlin  and  Magdeburgh,  a 
distance  of  thirty  leagues  j  the  rest  were  scarcely 
practicable,  and  kept  in  a  most  detestable  state. 

«  The  forgoing  description  of  foreign  roads  is  taken  from 
Mr.  Stevenson's  artide  on  roads  in  the  Edinburgh  Encyclo- 
psedia. 


16  A    TREATISE    ON    ROADS. 

There  are  now  a  number  of  great  roads  communi- 
cating between  the  capital  and  various  parts  of  the 
kingdom,  kept  in  the  best  order ;  most  of  them  at 
the  expense  of  the  government,  and  a  few  defrayed 
by  the  local  authorities.  In  the  towns  and  villages 
through  which  these  roads  pass,  the  pavement  is 
generally  in  a  very  bad  state ;  the  expense  being 
paid  by  the  municipal  authorities,  who  are  very 
independent,  and  only  repair  them  when  it  suits 
their  convenience.* 

The  little  attention  that  was  paid  in  former  times 
to  the  roads  of  England  is  made  evident  by  a  pro- 
clamation of  Charles  the  First,  issued  in  1629,  con- 
firming one  of  his  father's,  issued  in  the  twentieth 
year  of  his  reign,  for  the  preservation  of  the  roads 
of  England,  which  commands  "  that  no  carrier  or 
other  person  whatsoever  shall  travel  with  any  waine, 
cart,  or  carriage  with  more  than  two  wheels,  nor 
with  above  the  weight  of  twenty  hundred,  nor  shall 
draw  any  waine,  cart,  or  carriage,  with  more  than 
five  horses  at  once.**  t 

The  first  attempt  to  put  the  roads  of  England 
into  order  occurred  when  the  turnpike  system 
was  introduced.  The  ancient  method  employed 
to  mend  roads,  until  after  the  restoration  of 
King  Charles  II.,  was  by  a  pound  rate  on  the  land- 
holders in  the  respective  counties;  and  by  the 
supply  of  carts  and  horses  by  parishes,  for  a  limited 
number  of  days.     But  when,  after  the  last  named 

♦  VoL  xii.  p.  511.  of  Foreign  Quarterly  Review  on  Notes  et 
JRiJlexUms  sur  la  Prusse  en  18S3,  par  le  Marquis  de  Chambray. 
f  Anderson's  Commerce,  voL  xix.  p.  130. 
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period,  commerce  so  generally  increased,  and  in 
consequence  thereof  wheel-carriages  and  pack- 
horses  were  extremely  multiplied,  the  first  turn- 
pike road  was  established  by  law  (the  16 Charles  II. 
cap.  1.  anno  1653),  for  taking  toll  of  all  but  foot 
passengers  on  the  northern  road  through  Hert- 
fordshire, Cambridgeshire,  and  Huntingdonshire ; 
which  road  was  then  become  very  bad,  by  means 
of  the  great  loads  of  barley  and  malt,  &c.  brought 
weekly  to  Ware  in  waggons  and  carts,  and  from 
thence  conveyed  by  water  to  London.  "  These 
roads,'*  says  the  act,  "  were  become  so  ruinous  and 
almost  impassable,  that  the  ordinary  course  ap- 
pointed by  all  former  laws  and  statutes  of  this 
realm  is  not  sufficient  for  the  effectual  repairing  of 
the  same,  neither  are  the  inhabitants,  through 
which  the  said  roads  lie,  of  sufficient  ability  to  re- 
pair the  same,"  &c.  &c.  Wherefore  three  tollgates 
were  erected,  one  for  each  of  these  three  counties, 
viz.  at  Wadesmill,  Caxton,  and  Stilton.* 

It  was  not,  however,  till  afler  the  peace  of  17*8 
that  any  thing  like  a  great  exertion  was  made  to 
change  the  public  highways  from  the  wretched 
state  in  which  they  had  always  been. 

The  following  description  of  the  roads  is  taken 
from  Mr.  M*Culloch's  Dictionary  of  Commerce : — 

"  It  is  not  easy  for  those  accustomed  to  travel 
along  the  smooth  and  level  roads  by  which  every 
part  of  the  country  is  now  intersected  to  form  an 

*  Anderson  s  Commerce,  vo).  v.  p.  44. 
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accurate  idea  of  the  difficulties  the  traveller  had  to 
encounter  a  century  ago. 

"  Roads  were  then  hardly  formed,  and  in  sum- 
mer not  unfrequently  consisted  of  the  bottoms  of 
rivulets.     Down  to  the  middle  of  the  last  century 
most  of  the  goods  conveyed  from  place  to  place  in 
Scotland,  at  least  where  the  distances  were  not 
very  great,  were  carried,  not  by  carts  or  waggons, 
but  on  horseback.     Oatmeal,  coals,  turf,  and  even 
straw  and  hay,  were  conveyed  in  this  way.     At 
this  period,  and  for  long  previous,  there  were  a  set 
of  single-horse  traffickers  (cadgers)  that  regularly 
plied  between  different  places,  supplying  the  inha- 
bitants with  such  articles  as  were  then  most  in 
demand,  as  salt,  fish,  poultry,  eggs,  earthenware, 
&c. ;  these  were  usually  conveyed  in  sacks  or  bas- 
kets, suspended  one  on  each  side  the  horse.     But 
in  carrying  goods  between  distant  places  it  was 
necessary  to  employ  a  cart,  as  all  that  a  horse 
could  carry  on  his  back  was  not  sufficient  to  defray 
the  cost  of  a  long  journey.     The  time  that  the 
carriers  (for  such  was  the  name  given  to  those  that 
used  carts)  usually  required  to  perform  their  jour- 
neys seems  now  almost  incredible.     The  common 
carrier    from  Selkirk   to    Edinburgh,  thirty-eight 
miles  distant,  required  a  fortnight  for  his  journey 
between  the  two  places,   going  and  returning ! 
The  road  was  originally  among  the  most  perilous 
in  the  whole  country :  a  considerable  extent  of  it 
lay  in  the  bottom  of  that  district  called  the  Gala 
Water,  from  the  name  of  the  principal  stream,  the 
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channel  of  the  water  being,  when  not  flooded,  the 
track  chosen  as  the  most  level  and  easiest  to  travel 
in.  Even  between  tlie  largest  cities  the  means  of 
travelling  were  but  little  superior.  In  I678  an 
agreement  was  made  to  run  a  coach  between  Edin- 
burgh and  Glasgow,  a  distance  of  forty-one  miles, 
which  was  to  be  drawn  by  six  horses,  and  to  per- 
form the  journey  from  Edinburgh  to  Glasgow  and 
back  again  in  six  days.  Even  so  late  as  the  middle 
of  the  last  century,  it  took  a  day  and  a  half  for  the 
stage  coach  to  travel  from  Edinburgh  to  Glasgow, 
a  journey  which  is  now  accomplished  in  four  and  a 
half  or  five  hours. 

"  So  late  as  1768  there  was  but  one  stage  coach 
from  Edinburgh  to  London,  and  it  set  out  only 
once  a  month,  taking  from  twelve  to  fourteen  days 
to  perform  this  journey  I  At  present,  notwith- 
standing the  immense  intercourse  between  the  i^o 
cities,  by  means  of  steam  packets,  smacks,  &c.,  six 
or  seven  coaches  set  out  each  day  from  the  one  or 
the  other,  performing  the  journey  in  from  forty-five 
to  forty-eight  hours.'*  * 

Mr.  Arthur  Young,  in  his  Six  Months'  Tour, 
published  in  1770,  gives  the  following  account  of 
some  of  the  roads  in  the  north  of  England:  — 
"  To  Wigan.  Turnpike. — I  know  not  in  the 
whole  range  of  language  terms  sufficiently  ex- 
pressive to  describe  this  infernal  road.  Let  me 
most  seriously  caution  all  travellers  who  may  acci- 

*  M*Culloch's  Dictionary  of  Commerce,  art.  Roads. 
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dentally  propose  to  travel  this  terrible  country  to 
avoid  it  as  they  would  the  devil,  for  a  thousand  to 
one  they  break  their  necks  or  their  limbs,  by  over- 
throws or  breakings  down.  They  will  here  meet 
with  ruts,  which  I  actually  measured  four  feet  deep, 
and  floating  with  mud  only  from  a  wet  summer ; 
what  therefore  must  it  be  after  a  winter  ?  The  only 
mending  it  receives  is  tumbling  in  some  loose 
stones,  which  serve  no  other  purpose  than  jolting 
a  carriage  in  the  most  intolerable  manner.  These 
are  not  merely  opinions,  but  facts ;  for  I  actually 
passed  three  carts,  broken  down,  in  these  eighteen 
miles  of  execrable  memory.  To  Warrington. 
Turnpike.  — This  is  a  paved  road,  most  infamously 
bad ;  any  person  would  imagine  the  people  of  the 
country  had  made  it  with  a  view  to  immediate 
destruction  I  for  the  breadth  is  only  sufficient  for 
01^  carriage,  consequently  it  is  cut  at  once  into 
ruts  J  and  you  may  easily  conceive  what  a  break 
down,  dislocating  road  ruts,  cut  through  a  pave- 
ment, must  be. 

"  From  Dunholm  to  Knutsford.  Turnpike.  — 
It  is  impossible  to  describe  these  infernal  roads  in 
terms  adequate  to  their  deserts.  To  Newcastle. 
Turnpike.  —  A  more  dreadful  road  cannot  be 
imagined.  I  was  obliged  to  hire  two  men  at  one 
place  to  support  my  chaise  from  overturning.  Let 
me  persuade  all  travellers  to  avoid  this  terrible 
country,  which  must  either  dislocate  their  bones 
with  broken  pavements,  or  bury  them  in  muddy 
sand. 
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"  It  is  only  bad  management  that  can  occasion 
such  very  miserable  roads,  in  a  country  so  abound- 
ing with  towns,  trade,  and  manufactures.*** 

Mr.  Chambers  says,  in  his  estimate,  "  Turnpikes 
which  we  saw  first  introduced  soon  after  the  Re- 
storation were  erected  slowly,  in  opposition  to  the 
prejudices  of  the  people.  The  act  which  for  a 
time  made  it  felony  at  the  beginning  of  the  reign 
of  George  the  Second  to  pull  down  a  tollgate  was 
continued  as  a  perpetual  law  before  the  conclusion 
of  it.  Yet  the  great  roads  of  England  remained 
almost  in  their  ancient  condition,  even  as  late  as 
1752  or  1754,  when  the  traveller  seldom  saw  a 
turnpike  for  200  miles  after  leaving  the  vicinity  of 
London."  t 

After  1760  the  general  spirit  of  improvement  led 
to  that  of  the  roads ;  and  in  the  fourteen,  years  from 
that  period,  to  1774,  no  less  than  452  Turnpike 
Acts  were  passed.  Since  that  year  a  number  of 
Turnpike  Acts  have  continued  to  be  passed,  as  will 
appear  from  the  following  table  t : — 

In  eight  years,  from 

1785  to  1792  .  -  302 

1792  to  1800  -  -  341 

1800  to  1809  -  -  419 

In  every  year  since  1809  turnpike  roads  have 
been  progressively  established,  till  they  have  ex- 
tended to  nearly  23,000  miles. 

♦  VoLiv.  pp.4S0.434.  f  P.  124. 

X  Encyclop8Bdia  Brit,  art  England,  vol.  iv.  p.  112.   Second 
Supplement 
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But  although  this  turnpike  system  has  conduced 
to  make  many  new  roads,  and  to  change  many  old 
ones  into  what  may  be  called  good  roads,  in  com- 
parison with  what  they  formerly  were,  this  system 
has  been  carried  into  execution  under  such  erro- 
neous rules,  and  the  persons  who  have  been  in- 
trusted with  the  administration  of  them  have 
uniformly  been  either  so  negUgent,  or  so  little 
acquainted  with  the  business  of  making  or  repairing 
roads,  that  at  this  moment  it  may  be  stated,  with 
the  utmost  correctness,  that  there  is  not  one  in 
England,  except  those  recently  made  by  some 
eminent  civil  engineers,  which  is  not  extremely 
defective  in  its  most  essential  qualities.* 

With  regard  to  the  lines  of  direction  of  the  turn- 
pike roads,  they  evidently  have  not  been  laid  out 
according  to  any  fixed  principle ;  they  are,  in  fact, 
almost  in  every  instance,  precisely  the  identical 
lines,  which  formed  the  footpaths  of  the  aboriginal 
inhabitants  of  the  country. 

The  following  passage  is  taken  from  a  pamphlet, 
called  "The  Landed  Property  of  England:" — 
"  Most  of  the  old  roads  of  the  kingdom  (the 
remains  of  the  Roman  ways  excepted)  owe  their 
present  lines  to  particular  circumstances.     Many 

•  Mr.  Edgeworth  says,  in  his  Essay  on  the  Construction  of 
Rocuis,  published  in  1813,  *^  Since  this  Essay  was  written,  I 
have  visited  England,  and  have  found,  on  a  journey  of  many 
hundred  miles,  scarcely  twenty  of  well-made  road.  In  many 
parts  of  the  country,  and  especially  near  London,  the  roads  are 
in  a  shameful  condition  ;  and  the  pavement  of  London  is  utterly 
unworthy  of  a  great  metropolis."     Introduction,  p.  7. 


INTRODUCTION.  23 

of  them  were,  no  doubt,  originally  footpaths ; 
some  of  them,  perhaps,  the  tracks  of  the  aboriginal 
inhabitants,  and  these  footpaths  became,  as  the 
condition  of  society  advanced,  the  most  convenient 
horsepaths.  According  as  the  lands  of  the  king- 
dom were  appropriated,  the  tortuous  lines  of  road 
became  fixed  and  unalterable,  there  being  no  other 
legal  lines  left  for  carriage  roads,  and  hence  the 
origin  of  the  crookedness  and  steepness  of  existing 
roads.** 

As  many  other  great  defects  exist  in  all  the 
principal  roads,  it  is  to  be  hoped,  that  at  length 
the  attention  of  the  public  and  of  government  will 
be  roused,  and  seriously  and  effectually  engaged 
in  bringing  about  a  proper  remedy.  These  defects 
are,  in  point  of  fact,  so  numerous'  and  so  glaring, 
that  it  is  quite  evident  that  the  true  principles  of 
the  art  of  road-making  have  not  yet  been  followed. 
The  breadth  of  a  road  is  seldom  defined  to  a  regular 
number  of  feet  by  straight  and  regular  boundaries, 
such  as  fences,  footpaths,  mounds  of  earth,  or  side 
channels.  The  transverse  section  of  the  surface, 
when  accurately  ascertained  by  taking  the  levels  of 
it,  is  rarely  to  be  found  of  a  regular  convexity. 
The  surface  of  all  the  roads,  until  within  a  few 
years,  was  every  where  cut  into  deep  ruts,  and 
even  now,  since  more  attention  has  been  paid  to 
them,  though  the  surface  is  smoother,  the  bed  of 
materials  which  forms  it  is  universally  so  thin, 
that  it  is  weak,  and  consequently  exceedingly  im- 
perfect.    Drainage  is  neglected  ;  high  hedges  and 

c  4 
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trees  are  allowed  to  intercept  the  action  of  die 
sun  and  wind  in  drying  the  surface  roads  ;  and 
many  roads,  by  constantly  carrying  off  the  mud 
from  them  for  a  number  of  years,  have  been  sunk 
below  the  level  of  the  adjoining  fields,  so  that  they 
are  always  wet  and  damp,  and  owing  to  the  rapid 
decay  of  the  materials  which  are  laid  upon  them, 
can  be  kept  in  order  but  at  a  great  expense. 

The  business  of  road-making  in  this  country  has 
been  confined  almost  entirely  to  the  management 
of  individuals  wholly  ignorant  of  the  scientific  prin- 
ciples on  which  it  depends.  It  has  received,  till 
very  lately,  little  attention  from  the  scientific 
world ;  so  little,  indeed,  that  the  primary  and 
indispensable  objects  of  providing  a  dry  and  sound 
foundation  for  the  surface  materials,  and  of  giving 
the  surface  a  regular  convexity,  have  not,  till  within 
a  short  time,  been  recognized  or  explained  by  any 
scientific  rules  whatever.  Although  various  select 
committees  of  the  House  of  Commons  have  been 
appointed  to  take  into  consideration  the  state  and 
condition  of  the  roads,  it  does  not,  however,  appear 
that  any  system  for  forming  them  on  scientific  prin- 
ciples has  been  suggested  by  them.  On  the  con- 
trary, the  approbation  expressed  in  their  reports  of 
the  doctrines  of  a  modern  publication  as  comprising 
a  perfect  system  of  road-making,  shows  that  they 
were  not  qualified  for  this  task :  for  nothing,  in 
point  of  fact,  can  be  more  opposed  to  the  prin- 
ciples of  science  with  respect  to  moving  bodies, 
such  as  carriages,  on  roads,  than  what  is  recom- 
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mencM  m  that  work  as  the  perfection  of  coad- 
making.* 

In  point  of  fact,  tberQ  has  not  been  any  book  in 
the  English  Language  t^at  treats  of  the  science  and 
art^  or,  in  other  words,  of  those  &cjt;s  and  those  rules 
of  civil  engineering  which  a^re  applicable  to  the 
construction  of  roads.  The  various  publications 
ou^  this  subject  are  none  of  them  the  works  of 
civil  ei^ineers.  The  tracing  of  new  lines,  cutting 
.tb  rough  hills,  and  forming  embankments,  making 
the  breadth  j^very  wher^  the  same,  and  defining  it 

>  Remarks  oa  Road-niaking,  by  John  Loudon  M'Adam. 

;^Ei6Mde  from  the  WeHmmster  Beview,  VoL  iv.  p.  354. 

^  We  (consider  this  latter  person^s  name  (Mr.  M'Adain)  as 

'desenriDg  of  a  few  remarks,  for  other  reasons  than  its  present 

popularity..    The  public  naturally  looks  on  him  as  a  sort  of 

magician^  and  his  invention,  as  it  is  thought,  as  jsomediing 

-preternatural.    If  his  own  name  had  not  been  Marfidnpi^ftj^le 

Mnto  a  verb,  it  is  probable  that  his  roads  would,  even  yet,  haye 

t>eeh  little  known.     He  did  not  invent  the  method  io  question 

of  breaking  atone,  because  it  had  long  been  the  ^ctice  of 

Sweden  and  Switzerlan(l|  and  other  countries^  and  was  l6ng 

known  to  every  observing  traveller. 

Although  what  is  commonly  called  Mr.  M' Adam's  sval^sa 
of  road-making  had  nothing  original  in  it,  an4  was  in  aV  its 
essential  poinis  not  only  not  according  to  the  pHn^iples  of 
acience,  but  directly  opposed  to  them,  still  4ie  certutily  fiad 
the  merit,  of  no  iaconsideraible  valvie,  of  b^ing  A^  first  persoh 
who  succeeded  in  persuading  the  trustees  of  turnpike  cofids 
to  set  seriously  about  the  improvement  of  them*  By  teaching 
them  how  to  prepare  materials,  and  keep  the  surface  of  a 
road  free  from  ruts  by  continually  raking  and  scraping  it,  he 
produced  a  considetable  change  for  the  better  in  a)l  -the  reads 
of  the  kingdom. 

•c  5 
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with  side  channels  and  footpaths ;  giving  roads  a 
regular  transverse  shape,  so  that  the  surface  shall 
have  an  uniform  convexity,  and  that  the  side  boun- 
daries shaQ  be  on  the  same  level  j  and  so  con- 
structing the  surface  as  to  reduce  the  intensity  of 
the  tractive  power  as  much  as  possible,  have  all 
been  wholly  overlooked. 

The  foreign  scientific  traveller  must  be  asto- 
nished to  find  that  a  nation  like  England,  which 
displays  such  an  extent  of  science  as  regards  its 
canals,  docks,  bridges,  and  other  public  works, 
should  exhibit  in  its  roads  such  great  imper- 
fections. It  must,  in  truth,  be  admitted  that 
the  roads  of  England  do  no  credit  to  the  wisdom 
of  her  laws  respecting  them,  nor  to  the  care  and 
skill  of  those  who  have  been  intrusted  with  their 
management. 

While,  during  a  considerable  number  of  years, 
every  improvement  which  depended  on  the  in- 
dustrious classes  made  immense  progress,  that 
of  roads,  the  management  of  which  the  laws 
have  vested  in  the  hands  of  the  land  proprie* 
tors,  made  no  advancement  at  all  until  very 
Tecently. 

It  was  only  about  fifteen  years  ago  that  the 
landed  proprietors  seem  to  have  begun  to  compre- 
hend the  value  of  good  roads,  and  to  be  aware  that 
large  funds,  and  a  considerable  share  of  science 
and  constant  attention  are  necessary  to  bring  them 
into  a  perfect  state. 

At  the  present  time,  although  the  country  gen- 
tlemen are  somewhat  more  active  and  better  in- 
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formed,  the  degree  of  improvement  which  they 
have  introduced  is  little  more  than  the  palliative  of 
a  great  evil,  and  goes  but  a  short  way  towards  secu- 
ring that  perfection  which  ought  to  be  universally 
introduced. 

While,  however,  England  has  been  content  to 
suffer  her  roads  to  be  in  so  defective  a  state,  Scot- 
land and  Ireland  have  acted  far  otherwise,  and  for 
a  long  time  have  had  the  benefit  of  a  more  improved 
system. 

Lord  Daer,  eldest  son  of  the  Earl  of  Selkirk, 
about  the  year  1790,  introduced  into  Scotland, 
and  more  especially  through  Galloway,  the  practice 
of  laying  out  roads  with  the  spirit  level.  The  road 
from  Dumfries  to  Castle  Douglas  was  traced  out  by 
him,  so  as  to  have  no  greater  inclination  than  1  in 
40,  although  passing  through  a  very  hilly  country. 
Mr.  Abercromby  pursued,  as  a  regular  profession, 
the  business  of  making  roads.  He  laid  out  the 
road  from  Kinross  to  Perth,  and  by  following  the 
valleys,  obtained  an  excellent  line,  instead  of  one 
passing  over  a  successive  range  of  very  steep  hills. 
He  also  laid  out  the  road  from  Perth  to  Dunkeld. 
In  all  cases  he  acted  on  the  principle  of  never 
making  a  road  to  ascend  a  single  foot  unless  abso- 
lutely unavoidable ;  and  this  he  accomplished  by 
taking  advantage  of  the  valleys  of  the  country,  and 
skilfully  cutting  through  high  banks  and  filling 
hollows. 

Mr.  Abercromby  made  all  his  roads  with  stones 
broken  very  small.     This  practice  had  long  existed 
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in  Scotland,  and  is  recommended  by  the  old  writers 
on  roads  in  France. 

Since  his  time,  many  others  have  followed  the 
same  rules;  so  that  Scotland  has  been  making 
great  progress  for  a  number  of  years  in  establishing 
excellent  roads. 

In  Ireland  the  abolition  of  the  system  of  statute 
labour  in  1763,  and  the  placing  of  the  business  of 
making  roads  under  the  grand  juries,  immediately 
led  to  a  great  improvement ;  for,  notwithstanding 
the  abuses  which  have  attended  the  exercise  of  the 
powers  of  grand  juries  in  money  matters,  the 
general  result  has  been  to  establish  good  road» 
throughout  the  whole  kingdom.* 

Mr.  Arthur  Young,  in  his  Tour  in  Ireland,  says> 
"  For  a  country  so  far  behind  us  as  Ireland  to  have 
got  suddenly  so  much  the  start  of  us  in  the  article 
of  roads,  is  a  spectacle  that  cannot  fail  to  strike  the 
British  traveller;"  and,  in  speaking  of  the  law  to 
which  this  was  owng,  he  says,  "  The  original  act 
was  passed  but  seventeen  years  ago,  and  the  effect 
of  it  in  all  parts  of  the  kingdom  is  so  great,  that  I 
found  it  perfectly  practicable  to  travel  upon  wheels 
by  a  map.  I  will  go  here,  I  will  go  there ;  I  could 
trace  a  route  upon  paper  as  wild  as  fancy  could 
dictate  ;  and  every  where  I  found  beautiful  roads, 
without  break  or  hinderance,  to  enable  me  to  realise 
my  design. 

*  By  5  Geo.  3.  c  14-.,  1765,  all  former  road  acts  from 
11  James  1.,  in  1614,  to  3  Geo.  3.  c.8.,  inclusive,  were  repealed, 
and  the  statute  labour,  or  six  days'  system,  abolished. 
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"  What  a  figure  would  a  person  make  in  Eng- 
land who  should  attempt  to  move  in  that  manner, 
where  the  roads,  as  Dr.  Bum  has  very  well  ob- 
served,  are  almost  in  as  bad  a  state  as  in  the  time 
of  Philip  and  Mary. 

"  Arthur  French  of  Moniva  was  the  worthy 
citizen  who  first  brought  this  excellent  measure 
into  Parliament.  Before  that  time  the  roads,  like 
those  of  England,  remained  impassable  under  the 
miserable  police  of  the  six  days*  labour. 

"  Similar  good  effects  would  here  flow  from 
adopting  the  measure  which  would  ease  the  king- 
dom of  a  great  burden  in  its  public  effect  absolutely 
contemptible."  ♦ 

One  of  the  greatest  efforts  which  has  been  made 
in  modem  times  by  the  legislature,  to  afford,  on 
an  extensive  scale,  to  a  part  of  the  public,  the 
benefit  of  improved  communication,  is  the  plan  that 
was  adopted  in  1803  for  making  roads  in  the 
Highlands  of  Scotland.  Commissioners  were  ap- 
pointed in  that  year  for  making  these  roads.  The 
expense  was  defrayed  in  equal  portions  by  grants 
of  parliament  and  local  contributions.  The  opera- 
tions were  conducted  by  Mr.  Telford;  and  the 
result  has  been  the  construction  of  920  miles  of 
road  in  every  respect  suitable  to  tlie  country,  and 
of  1,117  bridges.  These  roads  traverse  the  High- 
lands of  Scotland  in  all  directions ;  and,  although 
the  whole  region  consists  of  high  mountains,  the 

*  A.  Young,  Tour  in  Ireland,  vol.  ii.  p.  56* 
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lines  have  been  laid  out  with  so  much  science,  that 
the  inclinations  are  every  where  moderate. 

Next  to  tracing  these  roads,  the  principal  merit 
consists  in  forming  and  draining  them  in  such  a 
manner  as  to  place  them  out  of  the  reach  of  all 
injury  from  the  torrents  to  which  they  would  other- 
wise be  exposed. 

In  the  districts  between  Glasgow,  Cumbernauld, 
and  Carlisle,  upwards  of  150  miles  of  new  lowland 
roads  have  been  made  by  Mr.  Telford  whilst 
acting  under  the  same  commission.  But  it  was 
not  until  Mr.  Telford  was  employed  by  the  Com- 
missioners appointed  by  Parliament,  in  1815,  for 
improving  the  Holyhead  road,  that  he  had  an  op- 
portunity of  carrying  into  execution  a  plan  of 
road-making  suitable  to  a  great  traffic  on  perfect 
principles.  In  that  year,  a  sum  of  money  having 
been  voted  by  Parliament  for  the  improvement 
of  the  Holyhead  road,  Mr.  Telford  was  con- 
sulted by  the  commissioners  with  respect  to  the 
best  plan  of  accomplishing  the  object  Parliament 
had  in  view.  He  strongly  recommended  that,  if 
employed  by  them,  he  should  be  allowed  to  execute 
all  the  new  works  upon  this  line  of  road  in  a  sub- 
stantial and  perfect  manner,  in  consequence  of  its 
great  importance  as  the  main  communication 
between  England  and  Ireland. 

The  commissioners  having  adopted  Mr.  Telford's 
advice,  and  Parliament  having  continued  to  grant 
further  sums  of  money,  eighty- two  miles  of  new 
road  have  been  made  by  him  through  North  Wales, 
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between  Chirk  and  Holyhead  :  three  miles  between 
Chirk  and  the  village  of  Gobowen,  near  Oswestry, 
and  seven  miles  on  the  Holyhead  and  Chester 
road.  Thirty-one  miles  have  also  been  made  by 
Mr.  Telford  at  various  places  on  the  Holyhead 
road  between  London  and  North  Wales,  with 
money  advanced  to  the  Parliamentary  Commis- 
sioners, on  loan,  by  the  Commissioners  for  giving 
Emplo3anent  to  the  Poor.*  These  roads  have 
been  constructed  in  the  most  substantial  manner. 
A  foundation  of  rough  pavement  has  been  made 
as  a  bed  to  support  the  surface  materials.  They 
are  uniform  in  breadth  and  superficial  convexity. 
They  are  completely  drained,  and  when  carried 
along  the  face  of  precipices,  protected  by  strong 
walls.  They  are  acknowledged,  by  all  persons 
competent  to  form  a  correct  judgment  on  works  of 
this  kind,  to  be  a  model  of  the  most  perfect  road- 
making  that  has  ever  been  attempted  in  any 
country,  t 

*  For  a  description  of  the  works  of  the  Parliamentary  Com- 
missioners on  the  Holyhead  Road  see  the  Report  of  a  Select 
Committee  of  the  House  of  Commons  in  1830,  in  Appendix, 
No.  4. 

f  Extract  from  Mr.  Telford's  first  Annual  Report  on  the 
Holyhead  Road,  dated  May  4,  1824,  p.  !?•:  — 

"  Shrewsbury  to  Holyhead. 

**  This  portion  of  the  great  Irish  road  having  been  originally 
constructed  in  a  very  imperfect  manner,  was,  till  within  the  last 
five  years,  one  of  the  worst  roads  in  the  kingdom.  Through 
North  Wales,  in  particular,  no  attention  whatever  had  been  paid 
to  the  essential  points  of  a  good  road ;  it  was  narrow  and  crooked, 
hills  had  been  passed  over,  and  valleys  were  crossed  without 
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The  obvious  utility  of  a  work  explaining  the 
principles  on  which  roads  should  be  made,  and 

any  regard  to  inclinations :  no  solid  foundation  was  prepared  ; 
a  very  superficial  coating  of  very  bad  stones  or  gravel  was  all 
that  covered  the  soil;  the  transverse  sections  were  often  just 
the  reverse  of  what  they  ought  to  be ;  the  draining  was  mi- 
serably defective,  and  either  no  protecting  fences,  or  very  weak 
ones,  existing  along  steep  hill-sides  and  tremendous  precipices, 

"  On  this  district  there  were  no  less  than  seven  distinct  Trusts; 
the  revenue  arising  from  the  tolls  being  very  limited,  the  trustees 
could  not  afford  to  employ  persons  whose  education  and  previous 
pursuits  qualified  them  to  act  as  surveyors.  The  consequence 
was,  that  the  road  got  unto  unskilful  hands,  and  its  state  of 
repair  was  just  as  bad  as  the  principle  of  its  construction. 

<<  The  increasing  importance  of  this  line  of  communication  at 
length  attracted  the  attention  of  Parliament.  I  was  directed  to 
make  a  survey  of  it  in  1810 ;  and,  it  having  been  satis&ctorily 
shown  to  the  successive  Committees  of  the  House  of  Commons, 
that  the  country  through  which  the  road  passed  did  not  in  itself 
possess  the  means  of  providing  funds  for  effecting  any  essential 
improvement,  an  Act  of  Parliament  was  passed  in  1815,  em- 
powering commissioners,  therein  named,  to  expend  the  sum 
of  20,000/.  in  making  such  alterations  as  they  might  deem 
expedient 

"  Under  the  power  of  this  Act  (the  55th  Geo.  3.  c.  152.)  the 
commissioners  commenced  their  operations  in  the  autumn  of 
1815  ;  and  according  as  further  grants  were  from  time  to  time 
voted  by  Parliament,  the  road  progressively  assumed  its  present 
character.  Those  parts  which  had  been  the  most  inconvenient 
and  dangerous  have  been  changed  to  perfect  specimens  of  what 
roads  ought  to  be ;  steep  declivities  have  been  reduced  to 
perfectly  easy  inclinations ;  and  narrow,  crooked,  ill-protected 
portions  have  been  converted  into  broad,  safe,  smootii,  and 
well-constructed  roads. 

<'  The  value  of  these  improvements  was  felt  and  appreciated ; 
and  it  became  of  the  highest  importance  to  preserve  them  in  a 
perfect  state,  by  providing  an  efficient  system  of  management. 
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containing  an  illustration  of  those  principles  by  a 
reference  to  the  plans,  specifications,  and  contracts 

"  By  the  Act  of  the  55th  Geo.  3.  c.  152.  the  new  pieces  of 
road,  when  completed,  were  to  be  made  over  to  the  local  tros* 
teei^  to  be  by  them  repaired  and  maintained.  But  the  local  Acts 
were  imperfect ;  the  old  tolls  too  low ;  every  Trust  deeply  in 
debty  and  the  mode  of  management  not  so  perfect  as  it  ought 
to  be.  Under  these  circumstances,  it  was  thought  advisable  to 
qyply  to  F^liament  for  an  Act  to  secure  to  the  public  the  lasting 
benefits  of  those  improvements,  by  placing  them  under  the  care 
of  one  Board  of  Commissioners. 

"« Accordingly,  in  May  1819,  the  Act  of  the  59th  Geo.  3.  c.  30. 
was  passed,  in  which  six  Trusts  between  Shrewsbury  and  Bangor 
were  consolidated  into  one,  and  vested  in  fifteen  commissioners 
therein  named.  The  operations  of  this  Act  commenced*  from 
the  first  day  of  August  following ;  and  from  that  period  a  totally 
new  system  has  been  adopted  on  the  whole  line  of  road.  At 
the  first  meeting  of  the  commissioners  they  appointed  a  pro- 
fewional  engineer  as  their  general  surveyor,  also  a  clerk  and  a 
treasurer,  and  fixed  upon  a  plan  of  management,  of  which  the 
following  is  an  outline. 

^  The  total  distance  from  Shrewsbury  to  Bangor  Ferry,  being 
85  miles,  was  divided  into  three  districts;  the  first,  being 
23  miles,  extending  from  Shrewsbury  to  the  boundary  between 
Shropshire  and  Wales,  at  Chirk  Bridge ;  the  second,  of  30  miles, 
from  Chirk  Bridge  to  Cemioge ;  and  the  third,  of  32  miles, 
from  Cemioge  to  Bangor  Ferry. 

"  Over  each  of  these  dbtricts  an  assistant  surveyor  or  in- 
spector was  appointed,  care  being  taken  to  select  these  officers 
from  good  practical  workmen.  Under  these  inspectors,  a  work- 
ing foreman  was  placed  on  every  four  or  five  miles,  with  such 
a  number  of  labourers  under  his  charge  as  were  sufficient  for 
maintaining  the  road  in  proper  repair. 

<*  It  was  ordered  that  the  labourers  should  be,  as  much  as 
possible,  employed  by  task,  in  quarrying  rock,  gathering  field 
stones,   getting    gravel,  breaking  stones,  scraping  the  road, 
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which  have  been  made  use  of  in  constructing  the 
new  road  in  North  Wales,  through  a  country  per- 
senting  every  kind  of  difficulty,  has  suggested  the 
present  publication.  The  object  of  it  is  to  point 
out,  in  a  clear  and  concise  manner,  the  best  method 
of  tracing  and  constructing  roads,  under  every  va- 
riety of  circumstances  j  and  it  is  confidently  ex- 
pected,  that  the  course  which  has  been  pursued  of 
proceeding  on  experience  by  inserting  in  this  work 
the  identical  plans,  specifications,  and  contracts  by 
which  so  great  an  extent  of  perfect  road  has  been 
successfully  made,  will  be  found  to  have  attained 
this  object. 


loading  materials  into  carts,  and  all  works  that  are  reducible  to 
measure. 

**  The  duties  of  the  general  surveyor  and  clerk  were,  to  go 
along  the  line  every  four  weeks  ;  the  surveyor  to  examine  the 
practical  operations,  setUe  all  accounts  with  each  inspector,  and 
give  the  clerk  a  certificate,  showing  all  the  money  due.  The 
clerk  to  collect  the  tolls,  and  to  pay  every  one  what  appeared 
to  be  owing  by  the  surveyor's  certificate,''and  lodge  the  balance 
of  his  receipts  with  the  treasurers,  Messrs.  Beck  and  Co.  of 
Shrewsbury.' 
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CHAPTER  I. 

RULES  FOR  TRACING  THE  LINE  OF  A  NEW  ROAD. 

1  HIS  business  of  tracing  the  line  of  a  road  should 
never  be  undertaken  without  the  assistance  of  in- 
struments ;  and  all  local  suggestions  should  be  re- 
ceived with  extreme  caution. 

To  guard  against  errors  in  this  important  point, 
it  is  essentially  necessary  not  to  trust  to  the  eye 
alone,  but  in  every  case  to  have  a  survey  made  of 
the  coimtry  Ij^g  between  the  extreme  points  of 
the  intended  new  road.  For  this  purpose  an  ex- 
perienced surveyor  should  be  employed  to  survey 
and  take  the  levels  of  all  the  various  lines  that,  on 
a  previous  perambulation  of  the  country,  appear 
favourable.  It  is  only  by  such  means  that  the  best 
line  can  be  determined.  These  surveys  should  be 
neatly  and  accurately  protracted  and  laid  down  on 
good  paper,  on  a  scale  of  sixty-six  yards  to  an  inch 
for  the  ground  plan,  and  of  thirty  feet  to  an  inch 
for  the  vertical  section. 

The  map  should  be  correctly  shaded,  so  as  to 
exhibit  a  true  representation  of  the  country,  with 
all  its  undulations  of  high  grounds  and  valleys, 
streams  and  brooks,  houses,  orchards,  churches, 
and  ponds  of  water  adjacent  to  the  line  of  road ; 
and  all  other  conspicuous  objects  should  also  be 
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laid  down  in  the  map.  A  vertical  section  should 
be  made,  and  the  nature  of  the  soil  or  different 
strata,  to  be  ascertained  by  boring,  over  which  each 
apparently  favourable  line  passes,  should  be  shown ; 
for  it  is  by  this  means  alone  that  it  can  be  deter- 
mined and  calculated  at  what  inclinations  the  slopes 
in  cuttings  and  of  embankments  will  stand.  If  it 
be  necessary  to  cross  rivers,  the  height  of  the  great- 
est floods  should  be  marked  on  the  sections ;  tlie 
velocity  of  the  water,  and  the  sectional  area  of  the 
river,  should  be  also  stated. 

If  bogs  or  morasses  are  to  be  passed  over,  the 
depth  of  the  peat  should  be  ascertained  by  boring ; 
and  the  general  inclination  of  the  country  for  drain- 
age should  be  marked. 

All  the  gravel-pits  or  stone  quarries  contiguous 
to  the  line  should  be  described  on  the  map,  witli 
the  various  roads  communicating  with  tliem ;  and 
the  existing  bridges  over  the  streams  or  rivers 
which  are  immediately  below  the  proposed  point  of 
crossing  them  should  be  carefully  measured,  and 
the  span,  or  waterway,  stated  on  the  section. 

These  preliminary  precautions  are  absolutely 
necessary  to  enable  an  engineer  to  fix  upon  the 
best  line  of  road,  with  respect  to  general  direction, 
and  longitudinal  inclination.  Without  the  unerring 
guide  of  actual  measurement  and  calculation,  all 
will  be  guess  and  uncertainty. 

It  may  be  laid  down  as  a  general  rule,  that  the 
best  line  of  road  between  any  two  points  will  be 
that  which  is  the  shortest,  the  most  level,  and  the 
cheapest  of  execution :  but  this  general  rule  admits 
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of  much  qualification ;  it  must,  in  many  cases,  be 
governed  by  the  comparative  cost  of  annual  repairs, 
and  the  present  and  future  traffic  that  may  be  ex- 
pected to  pass  over  the  road.  Natural  obstructions 
also,  such  as  hills,  valleys,  and  rivers,  will  inter- 
vene, and  frequently  render  it  necessary  to  deviate 
from  the  direct  course. 


HILLS. 

In  every  instance  of  laying  out  a  road  in  a  hilly 
country,  the  spirit-level  is  essentially  necessary  to 
show  the  proper  line  of  road  to  be  selected.  The 
general  rule  to  be  followed  in  surveys  is  to  pre- 
serve the  straight  line,  except  when  it  becomes 
necessary  to  leave  it  to  gain  the  rate  of  inclination 
that  may  be  considered  proper  to  be  obtained, 
without  expensive  excavations  and  embankments. 
When  a  deviation  is  made  for  this  purpose,  it  be- 
comes necessary  to  proceed  in  a  direct  line  from  a 
new  point 

Thus,  for  instance,  if  it  be  decided  to  have  no 
greater  rate  of  inclination  than  1  in  35,  on  a  new 
line  of  road,  from  a  to  b  (Plate  I.  Fig.  1.),  and  the 
surveyor,  when  he  arrives  at  the  point  a,  finds  a 
greater  inclination  than  this,  he  must  incline  from 
the  direct  line  to  b.  Having  then  gained  the  sum- 
mit of  the  hill,  he  does  not  endeavour  to  get  back 
into  the  original  straight  line  a  b,  but  pursues  the 
direct  line  b  b,  unless  he  is  again  obliged,  from  a 
rimilar  cause,  to  deviate  from  it.  This  part  of  the 
survey  being  accomplished,  it  ^vill  tlien  become 
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necessary  to  examine  the  practicability  of  making  a 
direct  line  of  road  between  a  and  i,  instead  of 
going  to  the  point  a. 

When  hills  are  high  and  numerous,  it  sometimes 
appears,  from  a  perambulation  and  inspection  of  the 
country,  to  be  advisable  to  leave  the  straight  line 
altogether  from  the  beginning,  in  order  to  cross 
the  ridges,  at  lower  levels,  by  a  circuitous  course, 
in  the  way  represented  by  the  dotted  lines  a  c  rf, 
in  the  above  figure. 

It  constantly  happens  that  although  inclinations 
which  do  not  exceed  the  prescribed  rate  can  be 
had  without  quitting  the  straight  line,  tlie  ridges 
may  be  crossed,  at  many  feet  of  less  perpendicular 
height,  by  winding  the  road  over  lower  points  of 
tliem ;  but  the  propriety  of  doing  so  will  depend 
upon  the  length  by  which  a  road  will  be  increased 
by  going  round  to  avoid  passing  the  ridges  in  the 
direct  line.  The  saving  of  perpendicular  height  to 
be  passed  over  by  a  road,  though  a  matter  of  so 
much  importance  and  practical  utility,  has  not 
hitherto  received  that  attention  from  engineers 
which  it  deserves.  For  this  reason  it  has  been 
deemed  advisable  to  bestow  much  consideration 
upon  it ;  but,  as  the  investigation  requires  minute 
and  extensive  details,  it  has  been  transferred  and 
given  in  note  A. 

When  expeditious  travelling  is  the  object,  the 
rate  of  incUnation  that  never  should  be  exceeded 
in  passing  over  hills,  if  it  be  practicable  to  avoid  so 
doing,  is  that  which  will  afford  every  advantage  in 
descending  hUls,  as  well  as  in  ascending  them. 
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For,  as  carriages  are  necessarily  retarded  in  ascend- 
ing hills,  however  moderate  their  inclinations  may- 
be, if  horses  cannot  be  driven  at  a  fast  pace  in 
going  down  them,  a  great  loss  of  time  is  the  re- 
sult. This  circumstance  is  particularly  deserving 
of  attention,  because  the  present  average  fast 
rate  of  coach  driving  over  any  length  of  road  can 
be  accomplished  in  no  other  way  than  by  going 
very  fast  down  the  hills.  But  when  the  hills 
are  very  steep,  and  a  coachman  cannot  keep  his 
time  except  by  driving  very  fast  down  them,  he 
exposes  the  lives  of  his  passengers  to  the  greatest 

danger. 

Few  travellers  by  stage  coaches  are  aware  of  the 

risk  they  run  of  losing  their  lives  in  descending 
hills.  A  coachman  must  be  thoroughly  well  skilled 
in  his  business,  naturally  cautious,  and  at  all  times 
sober.  The  wheel  horses  must  be  not  only  well 
trained  to  holding  back,  but  very  strong.  If  a  pole 
breaks,  or  a  pole-piece  or  a  haime,  haime  strap,  or 
drag  chain,  when  a  heavily-laden  coach  is  descend- 
ing a  steep  hill,  at  a  rate  exceeding  six  miles  an 
hour,  an  overturn  is  almost  inevitable,  by  reason  of 
the  coach  overpowering  the  horses.  Hence  it  is 
that  ninety-nine  out  of  every  hundred  coach  acci- 
dents which  happen,  are  on  hills.  Nothing  is  more 
important  for  all  turnpike  trustees  to  pay  imme- 
diate attention  to,  as  the  reducing  of  all  hills  to 
inclinations  of  at  most  1  in  24. 

How  much  time  is  lost  in  descending  steep  hills 
will  appear  from  the  following  hypothesis: — Sup- 
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pose  a  hill  to  be  so  steep  as  not  to  admit  of  a  stage 
coach  going  faster  down  it  than  at  the  rate  of  six 
miles  an  hour,  five  minutes  will  be  required  for 
every  half  mile :  but,  if  the  hill  were  of  an  incli- 
nation of  1  in  35,  it  may  be  driven  down  with  per- 
fect safety  at  the  rate  of  twelve  miles  an  hour ;  at 
which  rate  the  time  for  going  half  a  mile  would  be 
two  minutes  and  a  half,  so  that  there  is  a  loss  of 
half  a  mile  in  distance  for  every  half  mile  down  the 
steep  hill. 

Besides  the  loss  arising  from  the  additional  horse- 
power required  to  draw  a  carriage  over  very  steep 
hills,  tliere  are  other  circumstances  which  make  it 
desirable  to  avoid  them. 

In  descending  them,  the  drag  becomes  indispen- 
sably necessary.  In  coach  travelling,  the  stopping 
to  put  it  on  and  take  it  off  will  be  the  loss  of 
at  least  one  furlong  to  a  coach  travelling  at  the 
rate  of  ten  miles  an  hour;  for  in  slacking  the 
pace  of  the  horses,  putting  on  the  shoe,  taking 
it  off,  and  getting  the  horses  again  into  thdr 
regular  rate  of  going,  nearly  one  minute  will  be 
occupied. 

Even  with  the  drag,  hea\ily  laden  carts  are 
always  taken  by  their  drivers  into  the  side  channels 
of  the  road  to  check  their  speed ;  and  thus  the 
channels  are  cut  into  deep  ruts,  or  rather  troughs, 
and  the  under-drains  broken  in,  unless  strong  posts 
of  wood  or  stone  are  set  up,  which  are  unsightly, 
and  dangerous  to  other  carriages  descending  at  a 
quick  rate.     Various  plans  have  of  late  been  pro- 
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posed  for  the  better  applying  of  drags  to  carriages, 
but  the  only  effectual  plan  for  preventing  accidents 
is  to  lower  all  hills  to  rates  of  inclination  not  ex- 
ceeding 1  in  24.* 


*  Extract  from  a  Letter  from  Sir  J.  Robison,  Secretary  of 
the  Royal  Society  of  Edinburghi  respecting  the  French  drag. 

'<  9y  Atholl  Crescent,  Edinburgh,  5th  Nov.  1836. 
<^  Since  I  had  the  honour  of  an  interview  with  you,  I  have 
passed  twice  between  Edinburgh  and  Newcastle  in  the  Chevy 
Chace  coach,  to  which  the  French  drag  has  been  applied  during 
a  considerable  period. 

**  I  paid  dose  attention  during  these  journeys  to  every  cir- 
cumstance having  any  relation  to  the  working  of  this  apparatus, 
and  1  have  been  led  to  infer  that  important  advantages  would 
arise  from  the  general  adoption  of  this  drag  for  the  public 
conveyances  of  this  country. 

**  1st.  A  saving  of  all  the  time  now  lost  in  applying  and  re- 
moving the  shoe. 

'^  2d.  A  gain  of  time,  with  some  relief  to  the  horses,  by  taking 
advantage  of  a  portion  of  the  impetus  acquired  in  going  down 
one  hill  to  assist  in  overcoming  its  opposite  ascent,  instead  of 
being  obliged,  as  at  present,  to  strain  the  horses  in  checking  the 
speed,  and  in  backing  the  coach  off  the  shoe. 

*<3d.  In  obtaining  a  command  over  the  horses,  by  the  power 
of  increasing  the  resbtance  by  a  few  turns  of  the  winch." 

This  drag  has  been  applied  to  coaches  on  other  lines  of  road 
in  Scotland  with  complete  success. 

Messrs.  Makepiece  and  Pearson  have  invented  another  kind 
of  drag,  called  the  Patent  Retarder :  this  has  been  for  some  time 
applied  to  the  Devonport  mail,  and  is  considered  by  competent 
jttci^es  to  answer  effectually. 


# 
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• 

An  inclination  of  1  in  35  is  found  by  expe- 
rience to  be  just  such  an  inclination  as  admits  of 
horses  being  driven  in  a  stage  coach  with  per- 
fect safety,  when  descending  as  fast  as  they  can 
trot ;  because,  in  such  a  case,  the  coachman  can 
preserve  his  command  over  them,  and  guide  and 
stop  them  as  he  pleases.  A  practical  illustration 
that  this  rate  of  inclination  is  not  too  great,  may 
be  seen  on  a  part  of  the  Holyhead  Road,  lately 
made  by  the  Parliamentary  Commissioners,  on 
the  north  of  the  city  of  Coventry,  where  the  in- 
clinations are  at  this  rate,  and  are  found  to  pre- 
sent no  impediment  to  fast  driving,  either  in  as- 
cending or  descending.  For  this  reason  it  may 
be  taken  as  a  general  rule,  in  laying  out  a  line  of 
new  road,  never,  if  possible,  to  have  a  greater 
inclination  than  that  of  1  in  35.  Paiticular  cir- 
cumstances may,  no  doubt,  require  a  deviation 
from  this  rule ;  but  nothing  except  a  clear  case 
that  the  circuit  to  be  made  in  order  to  gain  the 
prescribed  rate,  would  be  so  great  as  to  require 
more  horse  labour  in  drawing  over  it  than  in 
ascending  a  greater  inclination,  should  be  allowed 
to  have  any  weight  in  favour  of  departing  from 
this  general  rule.  On  any  rate  of  inclination 
greater  than  1  in  35,  the  labour  of  horses,  in 
ascending  hills,  is  very  much  increased.  The 
experiments  detailed  in  Mr.  Telford's  Seventh 
Report  of  the  Parliamentary  Commissioners  of  the 
Holyhead  Road,    made  with    a  newly  invented 
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machine  for  measuring  the  force  of  traction  re- 
quired to  draw  carriages  over  different  roads,  fully 
establish  this  fact.* 

The  following  is  a  table  of  the  general  resiilts  of 
the  experiments  made  with  a  stage  coach,  on  the 
same  description  of  road ;  but  on  different  rates  of 
inclination,  and  with  different  rates  of  velocity  :  — 

•  See  Appendix,  No.  1.,  for  a  description  of  this  machine. 

Mr.  Telford,  in  his  Report  to  the  Parliamentary  Commis- 
sioners of  the  Holyhead  and  Liverpool  Roads,  speaking  of 
this  instrument,  states,  **  I  consider  Mr.  Macneill's  invention, 
for  practical  purposes  on  a  large  scale,  one  of  the  most  valuable 
that  has  been  lately  given  to  the  public" 

Mr.  Babbage,  tlie  Lucasian  Professor  of  Mathematics  in  the 
University  of  Cambridge,  in  his  valuable  and  well-known  work 
on  the  Economy  of  Machinery  and  Manufactures,  in  consider^ 
Ing  the  injury  which  roads  sustain  from  various  causes,  states, 
**  As  connected  with  this  subject,  and  as  affording  most  valu- 
able information  upon  the  points  in  which,  previous  to  experi- 
ment, widely  different  opinions  have  been  entertained,  the  follow- 
ing extract  is  inserted  from  Mr.  Telford's  Report  on  the  state  of 
the  Holyhead  and  Liverpool  Roads.  The  instrument  employed 
for  the  comparison  was  invented  by  Mr.  Macneill,  and  the  road 
between  London  and  Shrewsbury  was  selected  for  the  place  of 
experiment  The  general  results,  when  a  waggon  weighing 
21  cwt  was  used  on  different  sorts  of  roads,  are  as  follow  :— 

1.  On  a  well-made  pavement  the  draught  is      -        -    33  lbs. 

2.  On  a  broken  stone  surface,  or  old  flint  road         -    65 

3.  On  a  gravel  road       - 147 

4.  On  a  broken  btone  road,  upon  a  rough  pavement 

foundation  ......    45 

5.  On  a  broken  stone  surface,  upon  a  bottoming  of 

concrete  formed  of  Parker's  cement  and  gravel      46  " 

Mr.  Macneill  has  improved  this  instrument  by  making  the 
machinery  of  it  register  the  force  of  traction,  the  inclination  of 
the  road,  and  the  space  travelled  over. — See  Appendix,  No.  1., 
p.  344^  for  a  description  of  the  new  instrument 
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Rates  of  Incliiiation. 

Rates  of  Travelliiig. 

Foree  required. 

1  in    20 

6  miles  per  hour 

268  lbs. 

1  in    26 

6 

213  lbs. 

1  in    30 

6 

165  lbs. 

1  in    40 

6 

160  lbs. 

1  in  600 

6 

Ill  lbs. 

1  in    20 

8  miles  per  hour 

296  lbs. 

1  in    26 

8 

219  lbs. 

1  in    30 

8 

196  lbs. 

1  in    40 

8 

166  lbs. 

1  in  600 

8 

120  lbs. 

1  in    20 

10  miles  per  hour 

318  lbs. 

1  in    26 

10 

225  lbs. 

1  in    30 

10 

200  lbs. 

1  in    40 

10 

172  lbs. 

1  in  600 

10 

128  lbs. 

From  this  table  it  will  be  seen  that  the  power 
required,  when  the  velocity  is  ten  miles  an  hour, 
to  draw  a  carriage  up  an  inclined  plane  which  rises 
one  in  twenty,  may  be  taken  at  nearly  three  times 
as  much  as  is  required  to  draw  it  on  a  level  road. 

The  note  D.  in  the  Appendix  contains  a  mathe- 
matical explanation  of  the  effect  of  hills  in  drawing 
carriages  over  them. 

Dr.  Lardner,  in  the  evidence  which  he  gave 
before  the  Committee  of  the  House  of  Commons 
that  was  appointed  in  the  session  of  1836  "  to  inves- 
tigate the  subject  of  tolls  and  turnpike  trusts  in 
Great  Britain  and  Ireland,"  made  some  observations 
on  tlie  effects  of  hills,  which  are  highly  deserving 
of  attention.  The  following  is  an  extract  from  his 
examination. 
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**  A  road  ought  to  be  as  short  as  possible,  con- 
sistently with  some  regular  principle  as  to  hills, 
ought  it  not?— Yes.     Now,  with  respect  to  the 
acclivities,  there  is  a  distinct  mechanical  character 
which  attaches  to  acclivities,  depending  on  their 
steepness.     One  acclivity  is  not  more  injurious  than 
another  in  the  mere  ratio  in  which  it  is  more  steep 
than  another.     There  are  some  acclivities  which 
afford  a  certain  compensating  effect  in  the  descent ; 
there  are  others  that  never  fully  compensate  for 
the  power  lost  in  their  ascent.     There  is  an  accli- 
vity, or  an  inclination,  which  we  designate  in  the 
department  of  mechanical  science  that  relates  to 
these  things  by  the  term  of  the  *  angle  of  repose  ;' 
it  is  the  steepest  acclivity  down  which  the  carriage 
will  not  roll  of  its  own  accord — down  which  it  will 
not  roll  by  its  own  gravity.     On  more  steep  accli- 
vities the  carriage  will  roll  down  without  any  trac- 
tive power ;  every  acclivity  under  that  limit  which 
will  require  more  or  less  of  tractive  force  down- 
ward.    Now,  acclivities  which  are  less  steep  than 
the  angle  of  repose  give  a  compensation  in  descend- 
ing for  the  excessive  tractive  force  they  require  in 
ascending ;  that  is  the  case  with  acclivities  between 
the  perfect  level  and  the  angle  of  repose ;  and  I 
take  it  that  that  inclination  should  be  the  major 
limit  which  ought  to  be  imposed  to  hills,  as  they 
are  called,  upon  the  first  class  of  turnpike  roads ; 
the  more  they  are  under  that  inclination  of  course 
the  better,  but  certainly  they  should  never  exceed  it. 

"  Can  you  state  that  acclivity  in  figures  ? — That 
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will  depend  upon  several  circumstances;  it  will 
depend  in  some  measure  on  the  carriage,  because 
a  carriage  of  one  structure  will  roll  down  a  hill, 
when  a  carriage  of  another  structure  would  not 
Then  it  will  depend  upon  the  surface  of  the  road ; 
but  if  we  take  the  very  best  class  of  broken-stone 
road  surface,  constructed  in  the  best  manner,  so  as 
to  be  as  hard  as  can  be,  and  a  good  class  of  carriage 
rolling  upon  it,  I  suppose,  at  a  rough  estimate,  one 
in  forty  would  be  the  angle  6f  repose.  I  should 
advise  the  great  roads  not  to  be  more  steep  than 
one  in  forty." 

Hilly  ground  is  not  always  to  be  avoided,  as 
being  unfit  for  a  road ;  for,  if  the  hills  are  steep 
and  short,  it  will  often  be  easy  to  obtain  good 
inclinations,  or  even  a  level  road,  by  cutting  down 
the  summits,  and  laying  the  materials  taken  from 
them  in  the  hollow  parts.  But  this  must  be  regu- 
lated by  the  expense  to  be  incurred,  which  is  a 
main  consideration,  always  to  be  scrupulously 
attended  to  before  an  engineer  decides  upon  the 
relative  merit  of  several  apparently  favourable 
lines.  A  perfectly  flat  road  is  to  be  avoided,  if  it 
is  not  to  be  raised  by  embanking  at  least  three  or 
four  feet  above  the  general  level  of  the  land  on 
each  side  of  it,  so  as  to  expose  the  surface  of  it 
fully  to  the  sun  and  wind ;  for  if  there  is  not  a 
longitudinal  inclination  of  at  least  1  in  100  on  a 
road,  water  will  not  run  off;  in  consequence  of 
which,  the  surface,  by  being  for  a  longer  time  wet 
and  damp  than  it  otherwise  would  be,  will  wear 
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rapidly  away,  and  the  expense  of  maintaining  it  in 
order  by  scraping  and  laying  on  materials  will  be 
very  much  increased. 

The  great  fault  of  most  roads  in  hilly  countries 
is  that  after  ascending  a  considerable  height,  they 
constantly  descend  again  before  they  gain  the  sum- 
mit of  the  country  which  they  have  to  traverse. 
In  this  way  the  number  of  feet  actually  ascended 
is  made  many  times  more  than  would  be  the  case 
were  no  height,  once  gained,  lost  again. 

An  instance  of  this  defect  is  observable  in  the 
line  of  old  road  across  the  island  of  Anglesea,  on 
which  a  horse  was  obliged  to  ascend  and  descend 
1283  perpendicular  feet  more  than  was  found 
necessary  by  Mr.  Telford,  when  he  laid  out  the 
present  new  line,  as  shown  by  the  annexed 
table :  — 


Height  of  tum- 
mii  above  high 
wmter. 

Total  rite  and 
fall. 

LcDgtb. 

Miles. 

Tarda. 

Old  road    - 
New  road  - 

339 
193 

2,257 

24* 
21 

428 

1,596 

Difference  • 

146 

1,283 

2 

592 

Another  instance  may  be  observed  in  the  road 
from  South  Mimms  to  Bamet.  The  old  road 
ascends  three  rather  steep  and  long  hills,  while  the 
new  road  avoids,   almost  entirely,  two  of  these 
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hills,  at  the  same  time  that  it  is  shorter  by  638 
yards. 

In  tracing  a  road  across  a  deep  valley  between 
two  hills,  it  should  be  carried  in  a  direction  oppo- 
site to  the  fall  of  the  valley,  as  by  so  carrying  it, 
that  is,  by  crossing  the  valley  at  the  highest  prac- 
ticable point,  the  descent  and  ascent  are  dimi- 
nished. 

Thus,  in  going  from  A  to  B,  across  a  valley,  if 
it  be  found  by  levelling  that  in  a  straight  line  the 
valley  is  too  deep  to  make  an  embankment  at  a 
reasonable  expense,  the  surveyor  should  try  a  line, 
A  C  B,  higher  up  the  valley,  rather  than  in  the 
direction  A  D  B,  where  he  would  get  into  a  lower 
level  (see  Plate  I.  Fig.  2.).  Although  this  ought  to 
be  the  general  principle,  instances  may  occur,  where 
a  valley  may  be  crossed  with  more  advantage  down 
stream  ;  as,  for  instance,  if  the  sides  of  a  valley 
contract  considerably,  it  may  require  much  less 
embankment  to  raise  the  road  to  the  same  Iieight, 
than  if  it  were  carried  higher  up  the  valley ;  see 
Plate  I.  Fig.  3.,  by  which  it  appears  that  it  would 
be  more  advisable  to  take  the  line  A'D  B,"  than 
either  the  straight  line  A  B,  or  the  line  A  C  B, 
higher  up  the  valley. 

Another  instance  where  a  valley  may  be  crossed 
with  more  advantage  down  stream,  is  where  de- 
tached or  insulated  hills  are  situated  in  the  valley 
below  the  straight  line  of  direction,  as  represented 
in  Plate  I.  Fig.  4.  Here  it  would  be  proper  to 
pass  the  valley  lower  down,  to  take  advantage  of 
the  intervening  high  ground,  as  will  be  seen  by  the 
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section,  in  which  it  is  evident  that  much  less  em- 
bankment will  be  required  in  the  line  A  D  B,  than 
in  either  the  direct  line  A  i  B,  or  the  line  A  c  B, 
higher  up  the  valley*  Lately,  when  it  was  pro- 
posed by  the  Parliamentary  Commissioners  of  the 
Holyhead  Road,  to  improve  the  valley  of  the 
Geese  Bridge,  between  Towcester  and  Daventry, 
on  the  road  from  London  to  Birmingham,  six  dif- 
ferent surveys  and  plans  of  doing  so  were  made. 
The  report  on  these  surveys  is  given  in  note  A, 
more  fully  to  explain  the  rules  for  crossing  valleys. 
In  many  situations,  particularly  in  mountainous 
countries,  it  will  be  found  necessary  to  pass  valleys 
or  deep  ravines  by  means  of  high  arches  of 
masonry,  as  in  some  parts  of  Scotland,  where 
Mr.  Telford  has  erected  several  great  works  of  this 
description ;  of  these,  the  most  remarkable  are  the 
bridges  over  the  Mouse  Water,  at  Cartland  Craigs, 
on  the  Lanark  Road,  represented  in  Plate  I.  Fig.  5. 
The  bridge  over  Birkwood  Bum,  near  Lesmahago, 
on  the  Glasgow  Road,  represented  in  Plate  I.  Fig.  6., 
and  the  Fidlor  Bum  Bridge,  on  the  Lanark  Road, 
represented  in  Plate  I.  Fig.  7-* 

The  suspension  bridge  over  the  Menai  Straits, 
in  North  Wales,  is  of  a  similar  character,  for, 
besides  its  use  in  passing  these  straits,  it  has  im- 
proved the  road  by  its  being  no  longer  necessary 

♦  To  this  list  may  be  added  the  Dean  Bridge  over  the  Water 
of  Leith  at  Edinburgh,  which  is  above  100  feet  high,  and  con- 
sists of  four  arches  of  90  feet  span ;  and  a  bridge  at  Pathheadj 
on  the  Coldstream  road,  of  five  arches  of  80  feet  span. 

£ 
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to  descend  to  the  level  of  the  water.  See  Plate  I. 
Kg.  8. 

In  most  cases,  however,  valleys  may  be  crossed 
by  high  embankments  of  earth,  such  as  the  chalk 
hill  embankment  near  Dunstable,  and  that  near 
Chirk,  in  North  Wales. 

In  some  situations  it  may  be  advisable  to  pass 
through  a  hill  by  means  of  a  tunnel,  instead  of  by 
deep  cutting. 

There  are  three  works  of  this  kind  on  the  Simplon 
Road.  One  of  them,  "  la  grande  gcUerie  de 
OondOy*  is  240  yards  in  length,  8^  in  breadth,  and 
the  same  in  height.  There  is  a  similar  work  at 
Puzzuoli,  near  Naples,  which  is  nearly  half  a  league 
long ;  it  is  fifteen  feet  broad  and  as  many  high. 

RIVERS. 

The  peculiar  circumstances  of  a  river  may  render 
it  necessary  to  deviate  from  a  direct  line  in  laying 
out  a^  road. 

A  diflSculty  may  arise  from  the  breadth  of  the 
river  requiring  a  bridge  of  extraordinary  dimen* 
sions,  or  from  the  land  for  a  considerable  distance 
on  the  sides  of  the  river  being  subject  to  be  covered 
with  water  to  the  depth  of  severaJ  feet  in  floods.  • 

In  these  cases  it  may  appear,  upon  accurately 
calculating  and  balancing  the  relative  inconvenience 
and  expense  of  endeavouring  to  keep  a  straight  line 
and  of  taking  a  circuitous  route,  that  upon  prin- 
ciples of  security,  convenience,  and  expense,  the 
c  ircuitous  course  will  be  the  best. 
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In  general,  rivers  have  been  allowed  to  divert 
the  direct  line  of  a  road  too  readily.  There  has 
been  too  much  timidity  about  incurring  the  expense 
of  new  bridges,  and  about  making  embankments 
over  flat  land  to  raise  the  roads  above  the  level  of 
high  floods. 

These  apprehensions  would  frequently  be  laid 
aside,  if  proper  opinions  were  formed  of  the  advan- 
tages that  arise  from  making  roads  in  the  first 
instance,  in  the  shortest  directions,  and  in  the  most 
perfect  manner.  If  a  mile,  half  a  mile,  or  even  a 
quarter  of  a  mile  of  road  be  saved,  by  expending 
even  several  thousand  pounds,  the  good  done  ex- 
tends to  posterity,  and  the  saving  in  annual  repairs 
and  horse  labour  that  will  be  the  result  will,  before 
long,  pay  off  the  original  cost  of  the  improvement 

BOGS  AND  MARSH  GROUND. 

The  elastic  nature  of  all  bogs  and  marshes,  and 
of  all  boggy  and  bottom  land,  makes  it  impossible 
to  form  a  road  of  perfect  hardness  over  a  soil  of 
this  kind,  unless  a  great  deal  of  labour  and  expense 
is  applied  in  draining  the  soil,  and  afterwards  com- 
pressing it,  by  loading  it  with  large  quantities  of 
earth  embanked  upon  it,  in  order  to  destroy  the 
elasticity  of  the  subsoil. 

Although  the  surface  coating  of  a  road  over  such 
a  subsoil  may  be  made  with  a  great  abundance  of 
the  hardest  materials,  and  be  perfectly  smooth,  the 
porous  and  moist  texture  of  the  subsoil  will  cause 
the  road  to  yield  to  a  carriage  passing  over  it ;  and 
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thus,  by  destroying  the  momentum  of  it,  add  greatly 
to  the  labour  of  the  horses  in  drawing  it* 

For  this  reason  it  will  generally  be  prudent  to 
deviate  from  the  direct  line  in  laying  out  a  new 
road,  if  by  doing  so  this  sort  of  subsoil  can  be 
avoided,  without  adding  much  to  the  length  of  the 
road.  But  when  the  additional  length  of  the  road 
would  be  considerable,  it  will  then  be  necessary  to 
incur  the  expense  of  a  proper  drainage,  and  of 
forming  a  high  embankment,  as  to  compress  and 
harden  by  its  weight  the  moist  and  porous  subsoil. 
Such  an  embankment,  of  1,740  yards  in  length, 
having  this  object  in  view,  was  made  over  Mal- 
dreath  Marsh,  in  the  Island  of  Anglesea,  on  the 
new  line  of  the  Holyhead  Road. 

MATERIALS. 

It  will  sometimes  happen  that  road  materials  can 
be  better  obtained  by  carrying  a  line  of  road  in 
one  direction  than  in  another.  This  will  be  a  good 
reason  for  making  a  road  deviate  from  the  direct 
line,  because  the  expense  of  making  and  repairing 
it  will  much  depend  on  the  distance  which  materials 
have  to  be  carried. 

EXPOSURE. 

It  is  necessary,  in  making  a  road  through  a  hilly 
country,  to  take  particular  care  to  give  it  a  proper 

*  The  reference  which  will  be  made  to  the  laws  of  motion  in 
a  subsequent  chapter  will  show  how  extremely  injurious  elasticity 
is  in  increasing  the  labour  of  horses. 
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asp^t  It  is  a  great  advantage  to  have  a  road  on  the 
north  side  of  a  valley  fully  exposed  to  the  sun.  For 
the  same  reason,  all  woods,  high  banks,  high  walls, 
and  old  fences  ought  to  be  avoided,  in  order  that 
the  united  action  of  the  sun  and  wind  may  have  full 
power  to  produce  the  most  rapid  evaporation  of  all 
moisture.  Too  much  attention  cannot  be  bestowed 
on  this  object,  in  consequence  of  the  effect  of  water 
in  contributing  to  cut  and  wear  down  the  hardest 
substances.  It  is  for  this  reason  that  road  mate- 
rials, when  they  are  wet  or  damp,  wear  rapidly 
away  under  the  weight  and  pressure  of  heavy  car- 
riages.  The  hardest  limestones  wear  away  very 
quickly  when  wet,  and  all  stones  of  an  aluminous 
character,  and  also  gravel  that  consists  of  flint, 
sandstone,  or  other  weak  pebbles. 

The  great  advantage  of  having  a  road  perfectly 
exposed  to  the  action  of  the  sun  and  wind,  will  be 
more  accurately  conceived,  by  reference  to  writers 
of  science  on  evaporation.  Dr.  Halley  states,  that 
one  tenth  of  an  inch  of  the  surface  of  the  sea  is 
raised  per  diem  in  vapour.  He  also  says,  that  the 
winds  lick  up  the  water  somewhat  faster  than  it 
exhales  by  the  heat  of  the  sun.  Other  writers  say, 
the  dissipation  of  moisture  is  much  accelerated  by 
the  agency  of  sweeping  winds,  the  effects  being 
sometimes  augmented  five  to  ten  times. 

Trees  are  particularly  injurious,  by  not  allowing 
the  sun  and  wind  to  have  free  action  on  the  surface 
of  roads  in  producing  evaporation.  Besides  the 
benefit  which  a  road  receives  from  drying  rapidly, 
by  an  open  exposure  to  the  atmosphere^  there  is 
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Rates  of  Indiomtion. 

Rates  of  Travelliiig. 

Force  required. 

1  in    20 

6  miles  per  hour 

268  lbs. 

1  im    26 

6 

213  lbs. 

1  in    30 

6 

165  lbs. 

1  in    40 

6 

160  lbs. 

1  in  600 

6 

Ill  lbs. 

1  in    20 

8  miles  per  hour 

296  lbs. 

1  in    26 

8 

219lb6. 

1  in    30 

8 

196  lbs. 

1  in    40 

8 

166  lbs. 

1  in  600 

8 

120  lbs. 

1  in    20 

10  miles  per  hour 

318  lbs. 

1  in    26 

10 

225  lbs. 

1  in    30 

10 

200  lbs. 

1  in    40 

10 

172  lbs- 

1  in  600 

10 

128  lbs. 

From  this  table  it  will  be  seen  that  the  power 
required,  when  the  velocity  is  ten  miles  an  hour, 
to  draw  a  carriage  up  an  inclined  plane  which  rises 
one  in  twenty,  may  be  taken  at  nearly  three  times 
as  much  as  is  required  to  draw  it  on  a  level  road. 

The  note  D.  in  the  Appendix  contains  a  mathe- 
matical explanation  of  the  effect  of  hills  in  drawing 
carriages  over  them. 

Dr.  Lardner,  in  the  evidence  which  he  gave 
before  the  Committee  of  the  House  of  Commons 
that  was  appointed  in  the  session  of  1836  "  to  inves- 
tigate the  subject  of  tolls  and  turnpike  trusts  in 
Great  Britain  and  Ireland,"  made  some  observations 
on  the  effects  of  hills,  which  are  highly  deserving 
of  attention.  The  following  is  an  extract  from  his 
examination. 
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**  A  road  ought  to  be  as  short  as  possible,  con- 
sistently with  some  regular  principle  as  to  hills, 
ought  it  not?— Yes.     Now,  with  respect  to  the 
acclivities,  there  is  a  distinct  mechanical  character 
which  attaches  to  acclivities,  depending  on  their 
steepness.     One  acclivity  is  not  more  injurious  than 
another  in  the  mere  ratio  in  which  it  is  more  steep 
than  another.     There  are  some  acclivities  which 
afford  a  certain  compensating  effect  in  the  descent ; 
there  are  others  that  never  fully  compensate  for 
the  power  lost  in  their  ascent.     There  is  an  accli- 
vity, or  an  inclination,  which  we  designate  in  the 
department  of  mechanical  science  that  relates  to 
these  things  by  the  term  of  the  *  angle  of  repose  ;' 
it  is  the  steepest  acclivity  down  which  the  carriage 
will  not  roll  of  its  own  accord — down  which  it  will 
not  roll  by  its  own  gravity.     On  more  steep  accli- 
vities the  carriage  will  roll  down  without  any  trac- 
tive power ;  every  acclivity  under  that  limit  which 
will  require  more  or  less  of  tractive  force  down- 
ward.    Now,  acclivities  which  are  less  steep  than 
the  angle  of  repose  give  a  compensation  in  descend- 
ing for  the  excessive  tractive  force  they  require  in 
ascending ;  that  is  the  case  with  acclivities  between 
the  perfect  level  and  the  angle  of  repose ;  and  I 
take  it  that  that  inclination  should  be  the  major 
limit  which  ought  to  be  imposed  to  hills,  as  they 
are  called,  upon  the  first  class  of  turnpike  roads ; 
the  more  they  are  under  that  inclination  of  course 
the  better,  but  certainly  they  should  never  exceed  it. 

"  Can  you  state  that  acclivity  in  figures  ? — That 
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Rates  of  Inclination. 

Rates  of  Travelling. 

Force  required. 
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1  in    40 
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1  in  600 
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Ill  lbs. 
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219  lbs. 

1  in    30 
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8 

166  lbs. 

1  in  600 
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120  lbs. 
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10  miles  per  hour 

318  lbs. 
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225  lbs. 

1  in    30 

10 

200  lbs. 
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172  lbs. 

1  in  600 
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128  lbs. 

From  this  table  it  will  be  seen  that  the  power 
required,  when  the  velocity  is  ten  miles  an  hour, 
to  draw  a  carriage  up  an  inclined  plane  which  rises 
one  in  twenty,  may  be  taken  at  nearly  three  times 
as  much  as  is  required  to  draw  it  on  a  level  road. 

The  note  D.  in  the  Appendix  contains  a  mathe- 
matical explanation  of  the  effect  of  hills  in  drawing 
carriages  over  them. 

Dr.  Lardner,  in  the  evidence  which  he  gave 
before  the  Committee  of  the  House  of  Commons 
that  was  appointed  in  the  session  of  1836  "  to  inves- 
tigate the  subject  of  tolls  and  turnpike  trusts  in 
Great  Britain  and  Ireland,*'  made  some  observations 
on  the  effects  of  hills,  which  are  highly  deserving 
of  attention.  The  following  is  an  extract  from  his 
examination. 
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**  A  road  ought  to  be  as  short  as  possible,  con- 
sistently with  some  regular  principle  as  to  hills, 
ought  it  not? — Yes.     Now,  with  respect  to  the 
acclivities,  there  is  a  distinct  mechanical  character 
which  attaches  to  acclivities,  depending  on  their 
steepness.     One  acclivity  is  not  more  injurious  than 
another  in  the  mere  ratio  in  which  it  is  more  steep 
than  another.     There  are  some  acclivities  which 
afford  a  certain  compensating  effect  in  the  descent ; 
there  are  others  that  never  fully  compensate  for 
the  power  lost  in  their  ascent.     There  is  an  accli- 
vity, or  an  inclination,  which  we  designate  in  the 
department  of  mechanical  science  that  relates  to 
these  things  by  the  term  of  the  *  angle  of  repose  ;' 
it  is  the  steepest  acclivity  down  which  the  carriage 
will  not  roll  of  its  own  accord — down  which  it  will 
not  roll  by  its  own  gravity.     On  more  steep  accli- 
vities the  carriage  will  roll  down  without  any  trac- 
tive power ;  every  acclivity  under  that  limit  which 
will  require  more  or  less  of  tractive  force  down- 
ward.    Now,  acclivities  which  are  less  steep  than 
the  angle  of  repose  give  a  compensation  in  descend- 
ing for  the  excessive  tractive  force  they  require  in 
ascending ;  that  is  the  case  with  acclivities  between 
the  perfect  level  and  the  angle  of  repose ;  and  I 
take  it  that  that  inclination  should  be  the  major 
limit  which  ought  to  be  imposed  to  hills,  as  they 
are  called,  upon  the  first  class  of  turnpike  roads ; 
the  more  they  are  under  that  inclination  of  course 
the  better,  but  certainly  they  should  never  exceed  it. 
"  Can  you  state  that  acclivity  in  figures  ? — That 
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problem  to  be  proposed  to  an  engineer,  that  would 
require  a  greater  exertion  of  scientific  skill  and 
practical  knowledge,  than  laying  out  the  construc- 
tion of  a  road.     Unfortunately  the  original  laying 
out  of  a  road  is  an  employment  that  is  rarely  sub- 
mitted to  an  engineer ;  he  is  generally  controlled 
by  circumstances.     The   early  road-makers  were 
almost  always  obliged  to  follow  our  old  horse-paths 
in  the  country,  in  a  very  great  degree.     To  lay 
out  and  design  a  road  between  two  points,  the  sur- 
face of  the  country  should,  in  the  first  instance,  be 
accurately  ascertained  ;  the  engineer  should  make 
himself  as  well  acquainted  with  the  undulations  and 
the  sur&ce  of  the  country  as  if  he  had  passed  his 
hand  over  every  foot  of  it ;  and,  even  supposing  he 
has  a  model  of  it  before  him,  it  becomes  an  ex- 
tremely delicate  and  difficult  problem  to  say  what 
will  be  the  best  course  to  take  for  a  line  of  road 
joining  two  points ;  he  of  course  must  encounter 
the  imdulations  in  such  a  manner  as  to  adapt  his 
cuttings  to  his  embankments;  that  is,  where  he 
cuts  through  an  eminence  he  must  take  care  so  to 
arrange  tlie  course  of  the  road  as  that  he  shall  have 
a  hollow  to  fill  up  which  will  just  employ  the  stuff 
he  cuts  out  of  the  embankment ;  then  the  quality 
of  the  crust  of  the  earth  he  must  know,  because  it 
is  not  after  he  has  begun  to  make  his  road  that  he 
is  to  discover  the  practical  diflSculties  which  stand 
in  his  way.     In  fact,  it  requires  a  considerable 
knowledge  of  geology ;  the  stratification  and  the 
angles  at  which  different  soils  will  not  only  stand 
at  the  beginning,  but  the  angles  at  which  they  will 
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continue  to  stand,  subject  to  all  the  actions  of  the 
weather. 

"  Then,  in  point  of  fact,  it  does  not  appear  that 
the  advantage  of  the  science  of  engineering  has 
been  applied  very  extensively  to  the  roads  in  this 
country  ? — Most  decidedly  not. 

**  With  reference  to  general  improvements,  and 
also  with  reference  to  new  roads  in  this  countr}%  it 
seems  to  be  your  opinion  that  the  assistance  of 
engineers  should  be  more  generally  called  in?— 
Clearly  so  ;  recourse  ought  to  be  had  to  the  very 
first  scientific  and  practical  skill  of  the  country  j  it 
requires  the  first  civil  engineers  that  can  be  found. 

"  If  any  plan  were  attempted  by  the  legislature 
for  the  improvement  of  the  roads,  is  it  your 
opinion  that  it  ought  to  be  conducted  under  the 
management  of  the  most  experienced  engineer  that 
this  country  possesses  ? — I  am  quite  decidedly  of 
that  opinion. 

"  The  surveyors  generally  do  not  belong  to  the 
profession  of  engineers  ? — No.'* 

If  the  opinion  of  Dr.  Lardner  is  a  correct  one, 
that  the  business  of  road-making  requires  a  very 
unusual  combination  of  scientific  and  practical 
knowledge,  it  is  not  difficult  to  understand  why  the 
roads  are  still  so  imperfect ;  for  certainly  those  per- 
sons who  have  had  the  management  of  them  have 
not  possessed  this  knowledge. 

The  following  is  an  extract  from  the  examination 
of  Mr.  M*Niel  before  the  same  Committee : — "  In 
your  former  answer,  you  said  that  you  thought  it 
would  be  of  advantage  if  the  trustees  of  the  roads 


60  A    TREATISE    ON    ROADS. 

were  assisted  by  civil  engineering  j  I  wish  to  know 
whether  road-making  ought  not  to  be  considered  as 
a  branch  of  the  science  or  art  of  civil  engineering  ? — 
I  am  of  opinion  that  the  laying  out  a  good  line  of 
road,  in  some  parts  of  the  country,  is  perhaps  as 
difficult  a  subject  as  comes  before  an  engineer; 
and  it  is  quite  impossible  for  country  surveyors  and 
land  surveyors,  who  have  not  been  accustomed  to 
engineering  pursuits,  to  run  out  a  Une  of  road  ynih 
advantage  to  the  public. 

"  Or  short  Unes  for  improvements? — I  know 
instances  in  which  lines  of  road  that  are  said  to  be 
improved  are  not  so  good  as  the  old  line  of  road. 

"  Now,  in  regard  to  the  construction  of  a  road, 
is  it  not  necessary  a  person  who  undertakes  to  con- 
struct and  make  a  new  road  should  have  that  sort 
of  education  that  makes  him  acquainted  with  the 
science  of  civil  engineering  ?  —  It  is  quite  necessary, 
and  that  is  shown  in  France  to  a  very  great  extent ; 
and  I  beheve  wherever  roads  are  made  here  by 
civil  engineers,  they  bear  a  veiy  different  character 
to  the  roads  in  other  parts  of  the  country ;  and  also 
that  there  is  a  saving  in  the  wear  of  materials  on  a 
well-constructed  road,  and  well  laid  out  road.  If 
a  line  of  road  has  not  rates  of  acclivity  greater  than 
1  in  40,  there  will  be  20  per  per  cent  saving  over 
one  that  rises  1  in  20  j  this  is  a  fact  not  generally 
known,  but  it  is  quite  certain ;  that  is  to  say,  a  road 
that  has  accUvities  of  1  in  20  will  cost  18  or  20  per 
cent,  more  than  the  one  that  has  acclivity  of 
1  in  40. 

*•  As  a  matter  of  course,  a  civil  engineer  looks  to 
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the  appearance  his  road  has,  as  well  as  to  the  fitness 
to  draw  carriages ;  is  it  not  always  a  rule  with  them 
to  have  it  uniform  as  to  breadth  and  shape  ? — Yes  j 
there  are  certain  rules  which  an  engineer  would 
always  adopt,  that  is,  a  certain  uniform  width  and 
a  certain  curvature,  a  certain  height  of  footway, 
and  a  certain  width  of  waste  and  fences,  according 
to  the  description  of  road  he  was  to  make. 

"  To  acquire  that  degree  of  uniformity,  is  it  not 
necessary  to  use  instruments,  and  to  have  that  sort 
of  habitual  method  of  managing  works  that  can  only 
be  acquired  by  a  regular  education  ?  —  I  conceive 
so ;  I  do  not  think  a  road  can  well  be  laid  out, 
except  by  a  professional  person. 

"  Have  you  found  it  the  practice  to  appoint 
engineers  as  surveyors  of  roads  ?  —  No  j  I  do  not 
know  an  instance  of  it,  except  on  the  road  between 
Shrewsbury  and  Holyhead,  and  there  the  effect  is 
very  apparent. 

"  What  class  of  persons  are  they  commonly  ? — 
Generally  &rmers ;  in  some  instances  they  have 
been  tradespeople. 

"  May  not  a  great  deal  of  what  may  be  considered 
to  be  imperfect  in  the  roads  of  this  country  be  at- 
tributed to  the  want  of  having  more  assistance  from 
the  profession? — Yes;  I  think  the  fact  I  have 
stated,  that  a  saving  of  20  per  cent,  in  repairing  a 
road  might  be  made  in  a  very  slight  alteration  of 
declivity  in  a  road,  will  prove  that  principle,  and 
also  that  there  will  be  a  saving  when  the  road  has 
the  appearance  of  uniformity  and  neatness  about  it ; 
for  the  men  who  put  out  the  stone  can  see  when  it 
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is  out  of  shape  and  where  it  gets  weak,  and  they 
instantly  repair  it ;  by  this  means  there  is  not  the 
^joLl  d>e  same  degree  of  resto^mce,  U>  c«. 
riages  passing  over  it ;  and  nothing  but  a  perfect 
and  uniform  line  of  curves  and  levels  will  enable 
the  eye  of  a  workman  to  see  where  the  deficiency 
takes  place. 

"  Generally  speaking,  the  roads  are  not  uniform 
as  to  breadth,  convexity,  or  width  ?  —  No ;  there 
does  not  appear  to  be  any  system  in  this  country 
on  this  very  important  point ;  generally  speaking, 
no  road  that  I  am  acquainted  with  has  uniform 
width  and  height  of  footpath,  and  curvature  of 
surface,  even  for  half  a  mile  in  length. 

"  Would  it  contribute  to  the  good  order  and 
keeping  up  of  a  road  to  pay  attention  to  these 
points  ?  —  It  would  be  a  great  saving. 

"  A  road  is  easier  kept  clean  and  dry  ?  —  Yes, 
and  more  easily  seen  where  it  becomes  weak. 

"  Are  the  workmen  more  attentive  and  carefiil 
when  it  is  all  put  in  a  proper  shape  ?  — They  would 
become  of  a  different  character ;  a  workman,  as 
soon  as  he  got  a  uniform  and  neiat  road,  would  have 
a  pride  in  this  work,  and  would  keep  it  in  better 
order  and  free  from  ruts,  weeds,  &c.'* 

Before  proceeding  to  examine  what  are  the  right 
principles  for  constructing  roads,  it  will  be  useful 
to  show  correctly  what  is  the  proper  object  to  be 
secured  in  making  a  road.  It  is  owing  very  much 
to  omitting  to  take  this  circumstance  into  con- 
sideration, that  vague  and  erroneous  opinions  so 
generally  prevail  respecting  what  a  road  ought  to 
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be  in  order  that  it  should  be  a  perfectly  good  one. 
Almost  all  road-makers  who  have  acquired  repu- 
tation with  the  country  gentlemen  who  are  the 
trustees  of  roads,  have  acquired  it  under  the  idea 
that  smoothness  was  the  sole  object  to  be  secured, 
without  reference  to  the  indispensable  necessity  of 
making  a  road  extremely  hard  and  solid  as  well  ojA 
smooth.  Dr.  Lardner  says, — "  Until  a  compara- 
tively late  period  a  very  prevalent,  indeed  almost 
universal  error  obtained  with  respect  to  roads.  All 
that  people  considered  was  what  they  conceived  to 
be  an  easy  motion  to  the  passengers ;  that  which 
was  easiest  to  the  passengers  was  concluded  to  be 
also  the  easiest  to  the  horses ;  or  perhaps  I  should 
be  more  correct  in  saying  the  horses  were  not  con- 
sidered at  all.  People  never  thought  of  taking  into 
consideration  the  mechanical  force  which  was  ne- 
cessary to  draw  a  load  along  a  road.  If  there  were 
two  roads  with  surfaces  equally  smooth,  (acclivities 
of  an  equal  steepness,  and  dong  which  the  pas- 
sengers felt  themselves  equally  comfortable,)  those 
roads  were  at  once  assumed  to  be,  to  all  intents 
and  purposes,  equally  good ;  a  greater  mistake 
could  scarcely  be  found  than  that.  Suppose  a 
road  surface  were  made  of  Indian  rubber,  the  sur- 
face  being  as  smooth  as  it  can  be  imagined  to  be, 
no  road  could  be  worse  for  traction ;  the  wheels 
would  sink  into  the  surface,  and  the  tractive  force 
would  be  continually  pulling  up  a  hill ;  it  would 
have  the  effect  of  a  continual  ascent.  The  surface 
of  the  road  should  be  as  hard  and  as  unyielding  as 
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art  can  make  it ;  the  wheel  should  not  sink ;  no 
temporary  depression  should  take  place,  even 
though  that  depression  be  restored  by  elasticity 
after  the  wheel  is  removed.  By  whatever  means, 
this  end  must  be  attained,  it  is  quite  essential, 
although  there  may  be  a  difference  in  the  means  of 
attaining  it ;  but  attained  it  most  certainly  ought 
to  be/' 

"  The  main  object  of  a  road  connecting  two 
places  is  to  enable  loads  to  be  transported  from 
the  one  place  to  the  other  in  the  least  possible 
time,  and  with  least  possible  expenditure  to  tractive 
power.  This  tractive  power  depends  upon  several 
qualities  in  the  road  j  first,  upon  its  levelness ; 
secondly,  upon  the  smoothness  of  its  surface ;  and 
thirdly,  upon  a  quality  which  may  be  caUed  hard- 
ness, the  absence,  in  fact,  of  elasticity.** 

One  of  the  most  important  and  most  obviously 
correct  principles  of  road-making  is  that  which 
requires  a  road  to  be  made  of  a  substance  in 
due  proportion  to  the  weight  and  number  of  the 
carriages  that  are  to  travel  over  it. 

But  although  this  is,  in  appearance,  a  self-evident 
proposition,  no  rule  in  practice  is  so  universally 
violated. 

Let  the  construction  of  any  turnpike  road  com- 
monly considered  as  among  the  best  be  properly 
examined ;  that  is,  let  the  quantity  of  hard-road 
materials  that  compose  the  crust  over  the  subsoil 
be  measured,  and  it  will  almost  universally  be 
found  that  it  consists  of  only  from  three  to  five,  or 
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at  most  six  inches  in  thickness.  *  Whereas,  instead 
of  this  weak  and  defective  system,  it  may  be  laid 
down  as  a  general  rule,  that  on  every  main  road 
where  numerous  heavy  waggons  and  stage  coaches 
heavily  laden  are  constantly  travelling,  the  proper 
degree  of  strength  which  such  a  road  ought  to 
have  cannot  be  obtained  except  by  forming  a 
regular  foundation  with  large  stones,  set  as  a 
rough  pavement,  with  a  coating  of  at  least  six 
inches  of  broken  stone  of  the  hardest  kind  laid 
upon  it ;  and  further,  that  in  all  cases  where  the 
subsoil  is  elastic,  it  is  necessary,  before  the  foun- 
dation is  laid  on,  that  this  elastic  subsoil  should  be 
rendered  non-elastic  by  every  sort  of  contrivance ; 
such,  for  instance,  amongst  others,  as  perfect 
drainage,  and  laying  a  high  embankment  of  earth 
upon  the  elastic  soil,  to  compress  it. 

Although  a  road,  if  made  with  a  thick  bed  of 
well-broken  hard  stones  laid  upon  the  subsoil,  may, 
no  doubt,  be,  to  all  appearance,  a  hard  and  a  good 

*  See  Mr.  Telford's  first  Annual  Report  on  the  Holyhead 
Road,  in  1823,  where  tables  are  given  showing  the  result  of 
triab  made  along  the  whole  line  of  road  from  London  to 
Shrewsbury  of  the  depth  of  materials,  by  sinking  holes  into  the 
road  at  short  intervals.  The  average  depth  of  materiab  was  as 
follows  on  some  of  the  trusts :  — 

Whetstone  Trust       -        -    4?   inches. 

StAlban's   ditto       -        -    4    ditto. 

Dunstable     ditto       -        -    ^i  ditto. 

Puddle  Hill  ditto       -        -    3  J  ditto. 
Almost  all  other  roads,  which  are  commonly  considered  good 
ones,  would,  if  similar  trials  were  made,  be  found  to  be  in  the 
same  defective  state. 
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one,  still  the  elasticity  of  the  subsoil  will  have  a 
considerable  effect  in  adding  to  the  tractive  force 
necessary  to  draw  carriages  over  it ;  for  the  sub- 
soil will  yield  more  or  less  (in  proportion  to  the 
elasticity  which  belongs  to  all  kinds  of  earth,) 
under  the  incumbent  weight.  It  is  therefore 
only  by  proceeding  in  the  way  recommended,  that 
is,  by  proper  drainage  and  pressure,  and  by  making 
a  foundation  of  large  stones  in  the  form  of  a  regular 
pavement,  that  this  elasticity  can  be  effectively 
diminished ;  for  to  remove  it  altogether  is  perhaps 
impracticable. 

Rightly  to  understand  this  principle,  which  re- 
quires that  roads  should  be  constructed  with  a 
body  or  depth  of  materials  four  or  five  times  greater 
than  is  commonly  given  to  them,  it  is  requisite 
to  illustrate  and  establish  the  grounds  on  which  it 
rests,  by  reference,  first,  to  the  laws  of  science 
concerning  moving  bodies,  and,  secondly,  to  expe* 
riments,  which  accurately  prove  the  force  of  traction 
on  different  kinds  of  roads. 

As  a  carriage  for  conveying  goods  or  passengers 
when  put  in  action  becomes  a  moving  body,  in  the 
language  of  science,  the  question  to  be  examined 
and  decided  is,  how  a  carriage,  when  once  pro- 
pelled, can  be  kept  moving  onwards  with  the  least 
possible  quantity  of  labour  to  horses,  or  of  force  of 
traction  ? 

Sir  Isaac  Newton  has  laid  it  down  as  a  general 
principle  of  science,  that  a  body,  when  once  set  in 
motion,  will  continue  to  move  uniformly  forward 
in  a  straight  line  by  its  momentum,   until  it  be 
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stopped  by  the  action  of  some  external  force. 
This  proposition  is  admitted  and  adopted  by  all 
natural  philosophers  as  being  perfectly  true,  and 
therefore,  in  order  to  apply  it  to  roads,  it  is  neces- 
sary to  enquire  what  species  of  external  force  act 
in  a  manner  to  diminish  and  destroy  the  momen- 
tum of  carriages  passing  over  them.  With  respect 
to  these  external  forces,  the  general  doctrine  is, 
that  they  consist  of,  1st,  collision ;  2d,  friction ; 
3d,  gravity ;  and  4th,  air.* 

1st.  The  effect  of  collision  is  very  great  in  dimi- 
nishing the  momentum  of  carriages  ;  it  is  occasioned 
by,  and  is  in  proportion  to,  the  hard  protuberances 
and  other  inequalities  on  the  surface  of  a  road. 
These  occasion,  by  the  resistance  which  they  make 
to  the  wheels,  jolts  and  shocks,  which  waste  the 
power  of  draught,  and  considerably  check  the 
forward  motion  of  a  carriage. 

The  mathematical  illustration  of  the  effect  of 
collision  in  producing  this  resistance  is  given  in 
note  B. 

2d.  Friction  has  very  great  influence  in  checking 
the  motion  of  a  carriage;  for,  when  the  wheels 
come  into  contact  with  a  soft  or  elastic  surface, 
the  fiiction  which  takes  place  operates  powerfully 
in  obstructing  the  tendency  of  the  carriage  to  pro- 
ceed ;  the  motion  forwards  is  immediately  retarded, 
and  would  soon  cease  if  not  renewed  by  the  efforts 
of  the  horses.  The  "resistance,"  Professor  Leslie 
says,  "which  friction  occasions,  partakes  of  the 

*  See  Wood's  Mechanics,  p.  20. 
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nature  of  the  resistance  of  fluids ;  it  consists  of  the 
consumption  of  the  moving  force,  or  of  the  horse's 
labour,  occasioned  by  the  soft  surface  of  the  road 
and  tlie  continually  depressing  of  the  spongy  and 
elastic  sub-strata  of  the  road.**  * 

An  ivory  baU,  set  in  motion  with  a  certain  velo- 
city  over  a  Turkey  carpet,  will  suffer  visible  relaxa- 
tion of  its  course ;  but,  with  the  same  impelling 
force,  it  will  advance  farther  if  rolled  over  a  super- 
fine cloth  ;  still  farther  over  smooth  oaken  planks ; 
and  it  will  scarcely  seem  to  abate  its  velocity  over 
a  sheet  of  pure  ice. 

This  short  explanation  of  the  nature  and  efiects 
of  coUision  and  friction  is  sufiicient  to  show,  that 
smoothness  and  hardness  are  the  chief  qualities  in 
a  road.  But  perfect  smoothness  cannot  be  obtained 
without  perfect  hardness,  and  therefore  the  business 
of  making  a  good  road  may  be  said  to  resolve  itself 
into  that  of  securing  perfect  hardness. 

With  the  view  of  taking  the  right  course  for 
securing  this  object,  the  first  thing  a  road  trustee 
or  engineer  should  do,  is  to  form  a  correct  notion 
of  what  hardness  is ;  because  the  common  habit  of 
overlooking  this  circumstance  has  been  the  source 
of  great  error  in  forming  opinions  upon  the  qualities 
of  different  kinds  of  roads. 

Gravel  roads,  for  instance,  to  which  an  appear- 
ance of  smoothness  is  given  by  scraping  them,  at 
a  vast  expense,  and  patching  them  with  thin  layers 
of  very  small  gravel,  are  very  commonly  declared 

«  Elements  of  Natural  Philos<^hy. 
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to  be  perfect,  and  unequalled  by  any  other  kind  of 
road.  But  if  the  best  gravel  road  be  compared 
with  one  properly  constructed  with  stone  materials, 
the  hardness  of  the  former  will  be  found  to  be 
greatly  inferior  to  that  of  the  latter,  and  the  error 
of  the  advocates  of  smooth-looking  gravel  roads 
will  be  immediately  made  manifest. 

By  referring  to  works  of  science,  it  will  be  seen 
that  hardness  is  defined  to  be  that  property  of  a 
body  by  which  it  resists  the  impression  of  other 
bodies  which  impinge  upon  it ;  and  the  degree  of 
hardness  is  measured  by  the  quantity  of  this  resist- 
ance. If  the  resistance  be  so  complete  as  to  render 
it  totally  incapable  of  any  impression,  then  a  body 
is  said  to  be  perfectly  hard.* 

Now  this  hardness  is  the  hardness  which  a  road 
ought  to  have  as  far  as  is  practicable,  and  it  is  the 
chief  business  of  a  scientific  road  maker  to  do  every 
thing  necessary  to  produce  it.  For  this  purpose, 
when  making  a  new  road,  he  should  first  select  or 
establish  a  substratum  of  soil  or  earth  that  is  not 
spongy  or  elastic,  for  the  bed  of  the  road;  and 
then  he  should  so  dispose  the  materials  of  which 
its  crust  is  to  consist,  as  to  form  a  body  sufficiently 
strong  to  oppose  the  greatest  possible  quantity  of 
resistance  to  the  weight  of  heavy  carriages  passing 
over  it. 

That  an  elastic  subsoil  is  unfit  for  a  road  is 
evident  from  the  nature  of  the  resistance  occasioned 
by  friction,  as  above  described  by  Professor  Leslie; 

*  Bridges*  Natural  Philosophy,  vol.  i.  p.  150. 

F   3 


70  A    TREATISE    ON    ROADS. 

■ 

and  from  the  terms  of  the  definition  of  hardness; 
for  however  strong  the  crust  of  materials  may  be 
which  is  formed  over  such  a  subsoil,  it  will  not  be 
capable  of  opposing  a  perfect  resistance  to  a  heavy 
moving  body.  The  moving  body  will  sink  more  or 
less  in  proportion  as  the  subsoil  is  elastic,  and  the 
hardness  of  the  road  will  be  imperfect  in  proportion 
as  this  sinking  takes  place ;  so  that  nothing  can  be 
more  necessary,  as  a  preliminary  step  in  making  a 
new  road,  than  to  take  every  possible  precaution  to 
avoid  elastic  subsoils,  or  to  destroy  the  elasticity 
as  much  as  possible,  when  no  other  can  be  found. 

After  the  engineer  has  prepared  a  proper  sub- 
stratum  of  earth  for  the  bed  of  a  road,  he  must 
next  construct  a  crust  of  materials  in  such  a  manner 
as,  when  consolidated,  to  possess  such  a  degree  of 
hardness  as  will  not  admit  the  wheels  of  carriages 
to  sink  or  cut  into  it.  For  this  purpose  it  will  not 
be  sufficient  merely  to  lay  upon  the  prepared  bed 
of  earth  a  coating  of  broken  stones;  for  the  car- 
riages passing  over  them  will  force  those  next  the 
earth  into  it,  and,  at  the  same  time,  press  much  of 
the  earth  upwards  between  the  stones;  this  will 
take  place  to  a  great  degree  in  wet  weather,  when 
the  bed  of  earth  will  be  converted  into  soft  mud 
by  water  passing  from  the  surface  of  the  road, 
through  the  broken  stones,  into  it.  In  this  way  a 
considerable  quantity  of  earth  will  be  mixed  with 
the  stone  materials  forming  the  crust  of  the  road, 
and  this  mixture  will  make  it  extremely  imperfect 
as  to  hardness,  for  it  cannot,  in  fact,  be  perfectly 
hard  unless  it  consists  \vholly  of  stones.     It  might 
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be  possible,  in  some  measure,  to  cure  this  defect 
by  laying  on  a  succession  of  coatings  of  broken 
stones ;  but  several  of  these  will  be  necessary,  and, 
after  all,  in  long-continued  wet  weather,  the  mud 
will  continue  to  be  pressed  upwards  from  the 
bottom  to  the  surface  of  the  stones.  If  even  a 
coating  of  from  sixteen  to  twenty  inches  of  stones 
be  laid  on,  it  will  produce  only  a  palliative  of  the 
evil.  So  that  this  plan  of  making  a  road  will  be 
not  only  very  imperfect,  but  at  the  same  time  very 
expensive. 

Mr.  Telford's  plan  of  making  a  regular  bottom- 
ing of  rough,  close-set  pavement,  which  has  com- 
pletely succeeded  on  the  Holyhead  Road,  the 
Glasgow  and  Carlisle  Road,  and  several  other  roads 
in  Scotland,  is  one  that  secures  the  greatest  degree 
of  hardness ;  it  is  also  attended  with  much  less 
expense  than  when  a  thick  coating  of  broken  stones 
is  used,  for  six  inches  of  broken  stones  is  sufficient 
when  laid  on  a  pavement,  and  the  pavement  may 
be  made  with  any  kind  of  common  stone. 

If  the  stones  in  making  the  bottoming  are  laid 
with  their  broadest  face  downwards,  and  the  inter- 
stices are  filled  with  stone  cliips  well  driven  in,  the 
earthy  bed  of  the  road  cannot  be  pressed  up  so  as 
to  be  mixed  with  the  coating  of  broken  stones. 
This  coating,  therefore,  when  consolidated,  will 
form  a  solid  uniform  mass  of  stone,  and  be  infi- 
nitely harder  than  one  of  broken  stones,  when 
mixed  with  the  earth  of  the  substratum  of  the  road. 
It  is  by  proceeding  in  the  way  here  recommended 
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that  the  friction  of  wheels  on  the  surface  of  a  road 
will  be  reduced  as  much  as  possible.* 

To  comprehend  thoroughly  the  great  importance 
of  making  a  regular  and  strong  foundation,  it  should 
be  borne  in  mind,  that  roads  are  structures  that 
have  to  sustain  great  weights,  and  violent  percus- 
sion ;  the  same  rules  therefore  ought  to  be  followed 
with  them  as  are  followed  with  regard  to  other 
structures. 

In  building  edifices  which  are  to  support  great 
weights,  whether  a  church,  a  house,  or  a  bridge, 
the  primary  and  indispensable  consideration  of  the 
architect  is  to  obtain  a  permanently  firm  and  stable 
foundation.  He  well  knows  that  unless  this  be  first 
substantially  made,  no  future  dependence  can  be 
placed  on  the  stability  of  the  intended  superstruc- 
ture: but  this  most  requisite  precaution  has  but 
recently  been  attended  to  in  the  formation  of  roads, 
and  only  on  those  roads  in  Scotland,  and  between 
London  and  Holyhead,  which  have  been  under  the 
direction  of  Mr.  Telford. 

If  the  foundation  of  a  road  be  not  sufficient  and 
equal  to  the  pressure  it  has  to  sustain,  the  whole 
fabric,  though  in  other  respects  ever  so  well  con- 
structed, must  fail  in  permanent  stability,  and  its 
hardness  will  be  imperfect  on  account  of  its  elas- 
ticity. 

Having  now  stated  all  that  the  rules  of  science 
relating  to  moving  bodies  suggest,  in  order  to  de- 

*  The  mathematical  illustration  of  the  effect  of  friction  on 
carriages  is  given  in  note  C. 
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fend  the  principles  of  road-making,  which  have 
been  laid  down  as  those  proper  to  be  adopted,  we 
shall  proceed  further  to  illustrate  and  support  these 
prmciples,  by  reference  to  experiments  of  the  force 
of  traction  on  diflPerent  kinds  of  roads.  These  ex- 
periments have  been  made  with  the  machine  in- 
vented by  Mr.  Macneill,  which  has  been  already 
mentioned,  and  which  may  be  relied  upon  for  their 
accuracy,  in  consequence  of  their  having  been  care- 
fully examined  by  several  eminent  civil  engineers. 
These  experiments  uniformly  show,  that  the 
force  of  traction  is,  in  every  case,  in  an  exact  pro- 
portion to  the  strength  and  hardness  of  a  road. 
The  following  are  the  results :  on  a  well-made  pave- 
ment, the  power  required  to  draw  a  waggon  is 
33  lbs. ;  on  a  road  made  with  six  inches  of  broken 
stone  of  great  hardness,  laid  on  a  foundation  of 
large  stones,  set  in  the  form  of  a  pavement,  the 
power  required  is  46  lbs. ;  on  a  road  made  with  a 
thick  coating  of  broken  stone,  laid  on  earth,  the 
power  required  is  65  lbs. ;  and  on  a  road  made  with 
a  thick  coating  of  gravel,  laid  on  earth,  the  power 
required  is  147  Ihs.  Thus  it  appears  that  the  re- 
sults of  actual  experiments  fully  correspond  with 
those  deduced  from  the  laws  of  science.* 


*  The  following  is  an  extract  from  the  evidence  of  Mr.  Macneill 
before  the  Comniittee  on  Turnpike  Roads  (1836) :  — 

'<  Are  you  still  satisfied  of  the  principle  of  your  machine  being 
a  correct  one,  as  to  ascertaining  the  draughts  of  carriages  ? — 
I  am  quite  certain  of  its  being  perfectly  correct,  for  we  have 
tried  it  in  some  cases,  and  compared  it  with  a  weight  hanging 
over  a  pully,  and  the  results  were  the  same.    It  is  only  in  cer- 
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It  has  been  considered  necessary  to  enter  into 
these  details  in  showing  that  no  road  can  be  cor- 

tain  cases  where  a  weight  over  a  pulley  could  be  applied ;  it 
could  not  be  done  practically  over  a  road  of  any  length. 

"  Has  anything  occurred  as  to  the  soundness  of  your  prin- 
ciple being  controverted  by  other  engineers  ? — No. 

"  Is  it  generally  adopted  by  them  as  a  correct  machine  ? — 
Yes,  and  referred  to  in  very  many  cases.  In  France  there  has 
been  a  petition  to  the  Chamber  of  Deputies,  founded  on  my 
experiments,  relative  to  the  mode  of  ascertaining  the  draught  of 
carriages,  and  the  saving  by  using  springs. 

"  You  were  the  author  of  that  algebraical  calculation  deli- 
vered in  the  Lords  ? — Yes. 

*^  Does  it  correspond  with  the  results  made  by  the  machine  ? 
— It  was  founded  on  experiments  made  by  the  machine  ;  it  was 
a  formula  that  would  give  the  power  required  to  draw  a  car- 
riage over  a  road  in  a  section  of  that  road,  from  data  deter- 
mined by  experiments  made  by  the  machine. 

*^  Is  your  machine  calculated  to  give  the  draught  on  setting 
the  body  in  motion,  or  when  it  is  in  motion  ? — Both. 

"  Then  it  would  appear  that  your  former  calculations,  as  to 
different  effects  of  different  roads  on  the  draughts  of  carriages, 
are  correct? — Yes,  quite  correct;  and  they  have  been  con- 
firmed by  very  many  experiments  I  have  made  since  I  was 
examined  before  the  Committee  of  the  House  of  Lords. 

'<  Then,  in  fact,  the  general  conclusion  is,  that  a  road  is 
good  for  its  object,  namely,  of  diminishing  the  draught  of  a  car- 
riage, in  the  proportion  that  it  is  hard  and  smooth  ? — The  great 
advantages  of  the  roads  appearing  by  the  machine  is  certainly  in 
proportion  to  their  solidity  and  their  strength,  and  their  want 
of  yielding.  If  it  could  be  a  perfectly  solid  mass  of  stone  or 
metal,  the  least  resistance  would  be  presented;  that  is  shown 
both  on  stone  tramways  and  on  metal  tramways  and  metal  rails. 
There  are  some  metal  tramways  laid  in  Glasgow  on  rather  a 
steep  hill,  and  it  is  not  at  all  unusual  for  a  horse  to  take  from 
two  to  three  tons ;  that  arises  merely  from  the  saving  in  the 
resistance  of  the  surface  friction  being  lessened. 
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rectly  called  a  good  one  unless  it  is  so  constructed 
as  to  be  very  strong  and  very  hard,  because  all  the 
main  roads  of  the  kingdom  are  still  very  defective 
in  respect  to  strength  and  hardness.  This  is  a  fact 
which  cannot  be  disputed ;  first,  because  there  is 
always  mixed  up  with  the  body  of  materials,  which 
forms  the  crust  of  every  road,  a  great  quantity  of 
earth  ;  secondly,  because  this  crust  is  every  where 
too  thin ;  and,  thirdly,  because  it  very  frequently 
lies  upon  an  elastic  substratum.  Although  there 
may  be  exceptions,  this  may  be  taken  as  an  accu- 
rate description. 

Notwithstanding  that  all  the  roads  are  now  much 
better  than  at  any  former  period,  and  may  deserve 
to  be  called  good,  in  comparison  with  those  of  ten 
or  fifteen  years  ago;  when  it  is  considered  how 
much  better  they  would  be  if  they  were  recon- 
structed  with   a  proper   foundation   coated  with 

"  That  is,  from  the  smoothness  of  the  surface  ? — Yes,  from 
the  smoothness  and  hardness. 

^  So  that  if  clean  material  of  any  road  nine  inches  thick  were 
properly  beat  down,  that  will  not  yield  ? — Nine  inches  will  yield 
very  much. 

"  What,  on  an  old  road  of  nine  inches  thick  ? — Yes,  with  heavy 
waggons.  One  of  the  great  advantages  arising  from  Mr.  Tel- 
ford's system  of  forming  roads  by  large  stone  pavements,  is  from 
the  fact  that  one  point  is  distributed,  that  the  pressure  of  the 
wheeb  is  distributed  over  a  large  space.  The  wheels  of  the  car- 
riage rest  on,  say  two  inches  of  surface,  but  that  is  carried  to  a 
large  pitching  stone  below,  which  rests  on  the  soil,  and  the 
weight  is  distributed  over  a  large  surface  at  the  bottom ;  that  b 
to  say,  over  a  surface  a  foot  or  nine  inches  long,  and  six  or 
eight  inches  wide ;  it  is  lessened  very  much  indeed  on  the  sur- 
face that  bears  on  the  earth." 
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broken  stones  of  great  hardness,  they  should  still 
be  set  down  as  being  imperfect.  Let  any  trustee 
or  surveyor  who  doubts  this,  reconstruct  a  mile  of 
a  road,  now  considered  an  excellent  one,  with  a 
bottoming  of  pavement,  coated  with  hard  stones, 
and  no  stage  coachman  who  shall  drive  over  it  will 
hesitate  to  bear  testimony  to  the  increased  ease 
with  which  his  horses  do  their  work  upon  it. 

The  following  extract  from  the  examination  of 
Dr.  Lardner  will  serve  to  explain,  and  at  the  same 
time  support,  the  statements  contained  in  the  pre- 
ceding pages. 

"  On  the  elasticity  of  roads. 

**  Do  you  speak  from  experience  on  this  point  of 
elasticity  ? — Not  from  experience,  as  an  engineer, 
but  only  from  having  devoted  a  good  deal  of  time 
to  the  consideration  of  this  subject,  and  being  per- 
fectly acquainted  with  the  experiments  that  have 
been  made,  and  the  experience  we  have  had  upon 
roads ;  and  I  also  give  that  opinion  (that  a  road 
should  not  be  elastic)  upon  general  scientific  prin- 
ciples. 

"  With  reference  to  the  general  laws  of  motion  ? 
— Undoubtedly  j  it  is  not  a  point  about  which  any 
two  scientific  men  can  differ ;  there  can  be  no  dif- 
ference of  opinion  about  it  I  mean  that  that  quality 
is  best  for  the  surface  of  a  road  which  will  not  per- 
mit it  to  alter  its  figure  under  the  pressure  of  the 
wheels. 

**  Then  the  degree  of  hardness  will  depend  upon 
the  degree  in  which   elasticity  is  absent? — Yes, 
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certainly.  It  will  convey  to  the  Committee  more 
correctly  my  meaning,  if  I  state  that  the  quality  of 
the  road  ought  to  be  such,  that,  as  the  wheels  roll 
over  it,  it  should  not  suffer  any  change  of  its 
£gure. 

"  This  quality  is  strictly  in  conformity  with  the 
laws  of  science  as  relating  to  moving  bodies? — 
Strictly. 

**  According  as  I  understand  you,  there  is  no 
difference  of  opinion  among  scientific  men  as  to 
the  necessity  of  having  a  road  as  hard  as  possible  ? 
— Yes,  in  order  to  offer  the  least  possible  resistance 
to  the  tractive  force. 

**  What,  in  your  opinion,  is  the  proper  way  of 
getting  rid  of  the  elasticity  in  roads  when  con- 
structing them  ? — That  is,  I  think,  a  question  which 
involves  a  great  deal  of  practical  difficulty.  It  is 
quite  clear  that,  cceteris  paribus^  the  thicker  the 
crust  of  the  road  is  the  harder  it  will  be,  because  a 
thick  crust  will  not  yield  as  much  as  a  thin  one. 

"  In  laying  out  a  line  of  road  you  would  avoid, 
if  possible,  going  over  marshy  ground  ? — Clearly 
so ;  or  at  least,  if  I  did  go  over  it,  I  would  take 
care  to  press  it  down,  so  as  to  destroy  its  marshy 
character,  as  we  have  done  in  the  Chatmoss,  on  the 
Liverpool  and  Manchester  railroad." 

The  explanation  of  the  laws  of  motion,  which 
has  been  given  in  this  chapter,  as  applicable  to  the 
subject  of  road-making,  and  of  the  effect  of  an 
elastic  substratum  of  a  road  in  consuming  the 
moving  force,  and  adding  to  the  horse's  labour,  is 
quite  conclusive  in  showing  how  much  at  variance 
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with  the  first  principles  of  science  the  following 
doctrines  are,  which  are  to  be  found  in  some 
modem  publications. 

"  That  a  foundation  or  bottoming  of  large  stones 
is  unnecessary  and  injurious  on  any  kind  of  sub- 
soil." 

"  That  the  maximum  strength  or  depth  of  metal 
requisite  for  any  road  is  only  ten  inches." 

"  That  the  duration  only,  and  not  the  condition 
of  a  road,  depends  upon  the  quality  and  nature  of 
the  material  used." 

**  That  free  stone  will  make  as  good  a  road  as 
any  other  kind  of  stone." 

**  That  it  is  no  matter  whether  the  substratum 
be  soft  or  hard."  * 

*  The  passages  marked  with  inverted  commas  have  been 
extracted  from  the  publications  of  Mr.  M*  Adam. 

As  many  persons  advocate  Mr.  M*  A  dam's  doctrine  of  elastic 
roads,  it  may  serve  to  show  the  real  value  of  it,  by  putting  it 
in  juxta-position  with  that  of  the  celebrated  natural  philosopher, 
the  late  Professor  Leslie. 

Eactractfrom  the  Evidence  of  Mr.  M^Adam.     Extract  from  Pro- 

(^Remarks  on  Road-making^  p.  111.)  fessor      Leslies 

"  Elements      of 

Natural    Phikh 
sophyr 

"  What  depth  of  solid  materials  would  "  The  resistance 
you  think  it  right  to  put  upon  a  road  in  which  friction  oc- 
order  to  repair  it  properly  ? — I  should  casions  (to  car- 
think  that  ten  inches  of  well-consolidated  riages)  partakes  of 
materials  is  equal  to  carry  any  thing.  the  nature  of  the 
^  <^  That  is,  provided  the  substratum  is  resistance  of  fluids: 
sound  ? — No :  I  should  not  care  whether  it  consists  of  the 
the  substratum  was  soft  or  hard :  I  should  consumption  of  the 
rather  prefer  a  soft  one  to  a  hard  one.  moving  force  or  of 
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Mr.  Wingrove,  an  eminent  practical  road  sur- 
veyor, observes,  in  a  Treatise  on  the  Bath  roads, 
after  quoting  the  preceding  passages  from  Mr. 
M* Adam's  book,  "  that  with  respect  to  these  opi- 
nions on  road-making,  nothing  but  the  complete 
ignorance  of  the  public  upon  all  matters  concern- 
ing road-making  could  ever  have  suffered  rules,  so 
contrary  to  every  thing  like  sound  principles,  to 
have  had  a  single  moment  of  favourable  con- 
sideration."* 

The  resistance  produced  by  gravity,  in  checking 
the  progress  of  a  moving  body  on  a  road,  is  little 
or  nothing  when  a  road  is  horizontal,  because  as 
gravity  acts  in  a  direction  perpendicular  to  the 
plane  of  the  horizon,  it  neither  accelerates  nor 
retards  the  motion,  t     But  when  the  road  is  not 


"  You  don't  mean  to  say   you  would  the  horse's  labour, 

prefer  a  bog  ? — If  it  was  not  such  a  bog  occasioned  by  the 

as  would  not  allow  a  man  to  walk  over,  I  soft  surface  of  the 

should  prefer  it  road,  and  the  con- 

<<  But  must  not  the  draught  of  a  car-  tinuaUy  depressing 

riage  be  much  greater  on  a  road  which  of  the  spongy  and 

has  a  yery  soilb  foundation  than  on  one  elcuiic  substrcUa  of 

which  is  of  a  rocky  foundation  ? — I  think  the  road" 
the  diflference  would  be  very  little  indeed, 
because  the  yield  of  a  good  road  on  a  soft 
foundation  is  not  perceptible." 

*  Mr.  Wingrove  was  for  several  years  the  surveyor  of  nearly 
all  the  roads  in  the  neighbourhood  of  Bath.  In  1825  the 
author  accompanied  him  in  making  an  inspection  of  them,  and 
found  the  rules  which  Mr.  Telford  recommends  had  been  most 
effectually  acted  upon  throughout  the  whole  of  these  roads,  and 
that  they  had  been  brought  to  as  high  a  state  of  improvement 
as  the  money  which  was  allowed  for  them  would  admit  of. 

f  Wood's  Mechanics,  p.  20. 
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horizontal,  the  power  of  gravity  is  a  great  impedi- 
ment. 

A  mathematical  illustration  of  the  effect  of  gravity 
on  hills  is  given  in  note  D. 

The  resistance  arising  from  the  action  of  the  air 
is  very  variable ;  in  some  cases,  it  acts  powerfully ; 
but  as  its  influence  is  the  same  whether  the  road 
be  bad  or  good,  little  need  be  here  said  on  the 
subject :  it  will  be  sufficient  to  state,  that  by  ex- 
periments detailed  in  Smeaton's  Reports,  it  was 
found  that  the  force  of  the  wind  gn  a  surface  1  foot 
square  was  lib.,  when  the  velocity  of  the  wind 
was  15  miles  an  hour,  or  what  would  be  termed  a 
brisk  gale ;  3  lbs.  when  the  velocity  was  25  miles 
an  hour,  or  what  would  be  termed  a  very  brisk 
gale ;  6  lbs.  when  the  velocity  was  35  miles  per 
hour,  or  what  might  be  termed  a  high  wind ;  and 
12  lbs.  to  the  square  foot  when  the  velocity  was 
50  miles  an  hour,  or  what  might  be  termed  a  storm. 
Supposing,  therefore,  that  the  surface  of  that  part 
of  a  carriage  acted  upon  by  the  direct  influence  of 
the  wind  to  be  50  superficial  feet,  the  resistance  it 
will  meet  frt)m  a  brisk  gale  of  wind  acting  against 
it  will  be  about  50  lbs.  when  the  carriage  is  slowly 
moved ;  but  if  the  carriage  be  supposed  to  move 
directly  against  the  wind  with  a  velocity  of  10  miles 
an  hour,  and  the  wind  to  move  with  a  velocity  of 
15  miles  an  hour,  the  resistance  against  the  carriage 
will  amount  to  3  lbs.  on  the  square  foot,  or  150  lbs. 
on  the  carriage,  which  is  fully  equal  to  the  power 
which  two  horses  should  be  required  to  exert,  when 
moving  with  a  velocity  of  10  miles  an  hour.    From 
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this  the  difficulty  is  evident  of  driving  stage  coaches 
at  a  rapid  rate  against  high  winds.* 

*  The  late  M.  Navier,  one  of  the  most  scientific  members  of 
the  French  Institute,  and  Engineer  in  Chief  of  the  Administra- 
tion of  the  Fonts  and  Chauss^es,  has  borne  testimony  to  the 
correctness  of  the  principles  and  reasonings  contained  in  this 
chapter,  by  having  given  a  translation  of  the  whole  of  it  in  his 
book  on  Roads.  He  says>  "  the  large  extract  which  I  here 
insert  contains  that  part  of  the  Treatise  of  Sir  Henry  Famell 
which  has  appeared  to  me  to  be  the  most  interesting  to  French 
engineers,  and  which  relates  most  immediately  to  the  object  in 
view."  —  Considirations  sur  les  Principes  de^  la  Police  du  Paul- 
age,  el  sur  les  Travaux  dentretien  des  Routes.  Par  M.  Navier. 
Paris,  1835. 
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CHAPTER  III. 


FORMING  A  ROAD. 


In  marking  out  the  line  of  a  road,  a  great  deal  of 
expense  in  cutting  and  embanking  for  forming  the 
bed  on  which  the  road  materials  are  to  be  placed, 
may  be  avoided  by  a  judicious  selection  of  the  high 
and  low  ground  which  the  surface  of  the  country 
affords. 

The  chief  care,  where  a  road  must  be  carried 
over  a  high  elevation,  is  to  lay  it  out  so  that  it  shall 
not  have  any  fall  in  it  from  the  point  from  which  it 
departs  till  it  reaches  the  summit.  The  lowering 
of  heights,  and  the  filling  of  hollows,  should  be  so 
adj  usted  as  to  secure  gradual  and  contirmed  ascend- 
ing inclinations  to  the  highest  point  to  be  passed 
over. 

It  is  a  most  important  part  of  the  business  of  a 
skilful  engineer  to  lay  out  the  longitudinal  inclina- 
tions of  a  road  with  the  least  quantity  of  cutting 
and  embanking. 

He  must  do  this  by  measuring  and  calculating 
the  quantity  of  earth  to  be  removed  in  cuttings, 
and  taking  care  that  it  shall  exactly  make  the  em- 
bankments for  raising  the  hollows  to  the  required 
heights;   a  proper  allowance  being  made  for  the 
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subsidence  of  the  soil  according  to  its  quality,  with- 
out leaving  an  overplus  to  be  carried  to  spoil.* 

When  it  is  necessary  to  make  a  deep  cutting 
through  a  hill,  the  slopes  of  the  banks  should  never 
be  less,  except  in  passing  through  stone,  than  two 
feet  horizontal  to  one  foot  perpendicular ;  for  though 
several  kinds  of  earth  will  stand  at  steeper  inclina- 
tions, a  slope  of  two  to  one  is  necessary  for  ad- 
mitting the  sun  and  wind  to  reach  the  road  The 
whole  of  the  green  sod  and  fertile  soil  on  the  sur- 
J&ce  of  the  land  cut  through  should  be  carefully 
collected  and  reserved,  in  order  to  be  laid  on  the 
slopes  immediately  after  they  are  formed. 

If  a  sufficient  quantity  of  sods  cannot  be  procured 
in  the  space  required  for  the  road,  the  slopes  should 
be  covered  with  three  or  four  inches  of  the  sur&ce 
mould,  and  hay  seeds  should  be  sown  on  it;  by 
this  plan  the  slopes  will  soon  be  covered  with  grass, 
which  will  be  a  great  means  of  preventing .  them 
from  slipping. 

When  stones  can  be  got  the  slopes  should  be 
supported  by  a  wall  raised  two  or  three  feet  high 
at  the  bottom  of  them.  These  walls  prevent  the 
earth  from  idling  from  the  slopes  into  the  side 
channels,  and  add  very  much  to  the  finished  and 
workmanlike  appearance  of  a  road. 

In  many  cases  it  may  be  advisable,  particularly 
if  an  additional  quantity  of  earth  be  wanted  for  an 
embankment,  to  make  the  slopes  through  the  cut- 

*  See  Mr.  Macneiirs  Work  on  Cutting  and  Embanking. 
Publifihed  by  Roake  and  Varty. 
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tings  on  the  south  side  of  an  incHnation  of  three 
horizontal  to  one  perpendicular,  in  order  to  secure 
the  great  advantage  of  allowing  the  sun  and  wind 
to  reach  more  freely  the  surface  of  the  road. 

In  districts  of  country  where  stones  abound,  ex- 
pense in  moving  earth  and  purchasing  land  may  be 
avoided,  by  building  retaining  walls,  and  filling 
between  them  with  earth.  In  rocky  and  rugged 
countries  tliis  is  generally  the  best  way  of  obtaining 
the  prescribed  inclinations. 

In  forming  a  road  along  the  face  of  a  precipice, 
a  wall  must  be  built  to  support  it.  The  difficulty 
in  such  a  place  is  not  so  great  as  is  imagined,  for 
the  face  of  a  precipice  is  seldom  perpendicular,  and 
an  inclination  of  half  a  foot  perpendicular  to  one 
foot  horizontal  will  admit  of  a  retaining  wall  being 
built  By  building  such  a  wall,  say  thirty  feet 
liigh,  and  cutting  ten  feet  at  that  height  into  the 
rock,  and  filling  up  the  space  within  the  wall,  a 
road  of  sufficient  breadth  will  be  obtained,  as  shown 
in  Plate  II.  fig.  1. 

In  forming  a  road  along  the  face  of  a  hill  that  is 
indented  with  ravines,  in  place  of  carrying  it  over 
the  natural  surface  of  the  land,  in  order  to  keep  it 
level,  the  projecting  points  should  be  cut  through, 
and  the  level  obtained  by  laying  the  earth  across 
the  hollows,  as  shown  in  Plate  II.  fig.  2.,  where  the 
road,  instead  of  following  the  sinuosities  of  the  hill, 
as  represented  by  the  dotted  line  a  a  a,  takes  the 
line  b  h  h. 

In  forming  the  bed  for  the  materials  care  should 
be  taken  (except  where  cutting  into  the  sur&ce  is 
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wholly  unavoidable  in  order  to  obtain  the  proper 
longitudinal  inclinations,)  to  elevate  it  with  earth 
two  feet  at  least  above  the  natural  surface  of  the 
adjoining  ground:  by  following  this  course  the 
road  will  not  be  affected  by  water  running  under 
or  soaking  into  it  from  the  adjoining  land.  In 
arranging  the  inclinations,  they  should  be  obtained 
by  embanking,  when  that  is  practicable,  in  pre- 
ference to  cutting,  in  consequence  of  the  better 
exposure  of  the  surface  on  embankments,  and  of 
tlie  risk  in  all  cuttings  of  the  slopes  falling  down. 

Almost  all  old  roads  are  sunk  below  the  adjacent 
fields :  this  has  arisen  from  their  continued  wear, 
and  from  carrying  away  the  mud.  No  improve- 
ment is  more  generally  wanted  than  new  forming 
these  roads,  so  as  to  raise  their  surfaces  above  the 
level  of  the  adjoining  land.  This  would  greatly 
contribute  to  their  hardness,  to  economy  in  keeping 
them  in  repair,  and  to  enable  horses  to  work  with 
the  advantage  of  having  sufficient  air  for  respi- 
ration. 

EMBANKMENTS. 

Great  care  is  necessary  in  making  high  embank- 
ments. No  person  should  be  intrusted  with  these 
works  who  has  not  had  considerable  experience  as 
a  canal  or  road  maker ;  for,  if  the  base  of  an  em- 
bankment is  not  formed  at  first  to  its  full  breadth, 
and  if  the  earth  is  not  laid  on  in  regular  layers  or 
courses  not  exceeding  four  feet  in  thickness,  it  is 
almost  certain  to  slip.  In  forming  high  embank- 
ments the  earth   should   be  laid   on   in   concave 
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courses,  as  represented  in  Plate  II.  fig.  3.,  in  order 
to  give  firmness  and  stability  to  the  work.  It  is 
not  at  all  uncommon  in  many  parts  of  the  country 
to  see  embankments  formed  convexly,  as  repre- 
sented in  Plate  II.  fig.  4.,  the  consequence  of  which 
is,  that  they  are  for  ever  slipping. 

There  have  been  but  few  attempts  to  make  em- 
bankments by  turnpike  trustees  that  do  not  afford 
illustrations  of  this  defect,  and  of  a  want  of  know- 
ledge of  the  proper  rules  by  which  these  works 
should  be  managed.  No  doubt,  a  chief  reason  for 
making  cuttings  and  embankments,  as  is  frequently 
the  case,  with  slopes  of  one  to  one,  has  been  to 
save  expense  in  the  purchase  of  land,  and  moving 
earth.  But  the  consequence  of  making  such  slopes 
is  that  the  earth  is  constantly  slipping ;  so  that,  in 
the  end,  the  expense  is  always  greater  in  correcting 
the  original  error,  than  it  would  have  been  had 
proper  slopes  been  made  in  the  first  instance. 

In  forming  embankments  along  the  sides  of  hills, 
or  what  is  called  side-forming,  the  rule  that  should 
be  followed  is,  that  the  slope  to  be  covered  should 
be  cut  into  level  steps  to  receive  the  earth,  other- 
wise it  will  be  very  liable  to  slip  down  the  hill :  in 
such  cases,  the  earth  should  be  well  compressed, 
and  great  care  should  be  taken  to  intercept  all  the 
land  springs  about  it  by  proper  drainage.  For  this 
purpose,  a  drain  should  be  cut  on  the  upper  side 
of  the  road,  and  open  drains  should  be  made  on  the 
side  of  the  hill  above  the  road,  to  catch  the  surface 
water. 

The  figure  5.  in  Plate  II.  explains  the  manner  in 
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which  the  ground  should  be  formed  for  side  em- 
bankments, by  cutting  the  level  steps  a  a  a^  and 
shows  where  the  drains  should  be  made. 

The  slopes  at  which  cuttings  and  embankments  can 
be  safely  made  depend  entirely  upon  the  nature  of 
the  soil.  In  the  London  and  plastic  clay  formations, 
it  will  not  be  safe  to  make  the  slopes  of  embank- 
ments or  cuttings,  that  exceed  four  feet  in  height, 
with  a  steeper  slope  than  three  feet  horizontal  for 
one  foot  perpendicular.  In  cuttings  in  chalk  or 
chalk  marl,  the  slopes  will  stand  at  one  to  one.  In 
sandstone,  if  it  be  solid,  hard,  and  uniform,  the 
slopes  will  stand  at  a  quarter  to  one,  or  nearly  per- 
pendicular. 

If  a  sandstone  stratum  alternates  with  one  of 
clay  or  marl,  as  represented  in  Plate  II.  fig.  6.,  it 
is  difficult  to  say  at  what  rate  of  inclination  the 
slopes  will  stand ;  this  will,  in  fact,  depend  upon 
the  inclination  of  the  strata.  If  the  line  of  the  road 
is  parallel  to  the  line  of  the  bearing  of  the  strata*, 
in  such  cases,  large  masses  of  the  stone  become 
detached,  and  slip  down  over  the  smooth  and  glassy 
surface  of  the  subjacent  bed.  There  are  many 
instances  of  slips  in  sandstone  and  marl  strata, 
under  such  circumstances  as  those  now  described, 
where  the  slopes  are  as  much  as  four  to  one.  If 
the  road  is  across  such  strata,  or  at  right  angles  to 

*  The  line  of  intersection  of  any  inclined  stratum  with  the 
horizontal  plane  is  called  the  line  of  bearing  of  that  stratum,  or 
the  drift  line.  The  dip,  or  inclination,  of  the  stratum  is  the 
angle  formed  between  a  horizontal  plane  and  a  line  drawn  at 
right  angles  to  the  drift-line  on  the  bed  of  the  stratum. 
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the  line  of  bearing,  then  the  slopes  may  be  made 
one  and  a  half  to  one,  as  represented  in  Plate  II. 
fig.  7 ;  but  if  the  strata  are  horizontal,  even  should 
there  be  thin  layers  of  marl  between  the  beds  of 
stone,  as  in  Plate  II.  fig.  8.,  the  slopes  will  stand 
at  a  quarter  to  one.  But  it  will  be  necessary,  if 
the  beds  of  marl  exceed  twelve  inches  in  thickness, 
to  face  them  with  stone. 

In  the  Oxford  clay,  which  covers  so  great  a 
portion  of  the  midland  counties  of  England,  the 
slopes  should  not  be  less  in  any  instance  than  two 
to  one,  and  even  in  some  parts  of  this  formation 
they  should  be  made  three  to  one,  if  the  cuttings 
are  deep.  In  all  such  cases,  if  any  beds  of  gravel 
or  sand  are  found  intermixed  with  the  clay,  as 
shown  in  Plate  II.  fig.  9.,  drains  should  be  cut 
along  the  top,  and  even  in  the  sides  of  the  cuttings ; 
for,  if  this  precaution  be  not  taken,  the  water, 
which  will  find  its  way  into  the  gravel,  will,  by  its 
hydrostatic  pressure,  force  the  body  of  clay  down 
before  it,  and  slips  will  take  place  even  when  the 
inclinations  are  as  much  as  four  to  one  ;  and  when 
this  occurs  it  is  extremely  difficult  to  re-establish 
them. 

In  limestone  strata,  if  solid,  slopes  will  stand  at  a 
quarter  to  one ;  but  in  most  cases  limestone  is 
found  mixed  with  clay  beds,  and  in  such  cases  the 
slopes  should  be  one  and  a  half  or  two  to  one.  In 
the  primitive  strata,  such  as  granite,  slate,  or  gneiss, 
slopes  will  stand  at  a  quarter  to  one. 

Before  quitting  this  subject,  it  is  proper  to  re- 
mark, that  in  every  instance  of  deep  cutting,  the 
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greatest  pains  should  be  bestowed  in  examining 
the  character  of  the  material  to  be  removed ;  much 
difficulty  will  be  avoided  by  proceeding  in  this 
way :  but,  on  the  whole,  the  best  general  rule  to 
follow  is,  to  lay  out  a  line  of  road  so  as  to  avoid  as 
much  as  possible  deep  cuttings  and  high  embank- 
ments; they  are  always  attended  with  great 
expense,  and  are  unavoidably  liable  to  many  ob- 
jections. 

The  footpaths  should  be  formed  at  the  same  time 
as  the  bed  of  a  road ;  also  the  fences,  if  they  con- 
sist of  mounds  of  earth  or  ditches  :  but  these  will 
be  more  particularly  described  in  a  subsequent 
chapter. 

The  following  directions  are  taken  from  specifi- 
cations according  to  which  parts  of  the  Holyhead 
road  have  been  made. 

First  Specification. 

"  The  black  line  on  the  section  represents  the 
natural  surface  of  the  ground,  in  the  longitudinal 
direction  of  the  new  line,  at  about  the  middle  of 
the  space  to  be  occupied  by  the  road.  The  red 
line  represents  the  proposed  finished  longitudinal 
surface  of  the  bed,  or  what  the  road  materials  are 
to  be  laid  upon  ;  the  red  figures  denote  the  depths 
of  cuttings  and  the  heights  of  the  embankments, 
and  also  the  rates  of  the  inclinations :  these  rates 
of  acclivity  are  to  be  strictly  adhered  to,  and  it  is 
expressly  stipulated  that  the  contractor  is  to  satisfy 
himself  by  his  own  measurement,  or  in  any  way  he 
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may  think  proper,  as  to  the  heights  and  depths,  or 
any  irregularities,  of  other  parts  of  the  surface  of 
the  ground  to  be  cut  down  or  embanked,  or 
where  there  is  to  be  side-cutting  and  forming,  as 
no  future  claim  on  any  pretence  whatever  will 
be  allowed. 

"  The  breadth  of  the  finished  road  is  to  be 
thirty-six  feet ;  viz.  thirty  feet  for  the  carriage 
way,  and  six  feet  for  the  footpath.  Tlie  slopes  of 
all  embankments  from  the  outside  of  the  quick 
borders  are  to  be  two  horizontal  to  one  perpen- 
dicular, neatly  dressed  and  covered  with  green 
sod  at  least  four  inches  thick,  evenly  laid,  and 
closely  jointed. 

"  The  slopes  of  the  cuttings  on  the  southern 
sides  are  to  be  three  horizontal  to  one  perpendi- 
cular, and  those  of  the  northern  side  to  be  two 
horizontal  to  one  perpendicular ;  these  slopes  are 
to  be  correctly  formed,  neatly  dressed,  and  covered 
with  a  good  vegetable  sod,  the  green  side  placed 
uppermost,  and  neatly  jointed,  and  evenly  laid,  and 
to  be  at  least  four  inches  thick. 

"  The  surface  of  the  bed  for  the  materials  of 
the  carriage  way  is  to  be  formed  level  from  side  to 
side,  the  breadth  between  the  bottom  of  the  side 
slopes  in  the  cuttings  at  the  level  of  the  bottom  of 
the  road  materials  is  to  be  thirty-one  feet. 

"  The  surface  of  the  bed  for  the  hard  materials 
of  the  footpath  is  also  to  be  level,  and  to  be  seven 
inches  above  that  of  the  carriage  road.  The 
necessary  breadth  will  be  gained  by  the  road 
materials  resting  on  the  sides  of  the  slopes. 
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"  Where  there  is  to  be  cutting  in  the  side  of  a 
hill,  the  slope  of  the  bank  is  to  be  two  horizontal 
to  one  perpendicular:  the  embankment  is  to  be 
secured  by  cutting  the  slope  of  the  hill  below  the 
line  of  road  into  level  steps  to  receive  the  earth, 
and  the  road  materials  are  not  to  be  laid  on  the 
embankment  until  the  inspector  is  satisfied  it  will 
stand." 

Second  Specification. 

"  In  each  of  these  lots  the  contractors  are  to 
make  the  line  of  the  road  agreeably  to  the  plans 
and  longitudinal  sections  made  and  signed  by 
Mr.  Telford,  as  laid  out  upon  the  ground  by  him, 
or  such  person  as  he  shall  appoint.  The  breadth, 
shape,  and  construction  shall  be  according  to  the 
particulars,  and  the  cross  sections  for  construction 
made  out  by  Mr.  Telford ;  that  is  to  say,  op  level 
groimd  the  bed  shall  be  formed  by  removing  the 
vegetable  and  other  soft  matters,  and  brought  to  a 
perfect  level  and  consolidated  state.  If  the  ground 
is  soft  bog  or  morass,  and  less  than  four  feet  in 
depth,  with  hard  ground  below,  the  soft  matter 
shall  be  removed;  but  if  a  greater  depth,  the 
whole  surface  shall  be  covered  with  two  rows  of 
swarded  turf,  the  one  laid  with  its  swarded  face 
down,  and  the  other  upwards.  Where  the  road  is 
formed  on  sloping,  it  shall  either  be  cut  for  the 
whole  breadth  into  the  solid  bank,  with  as  much 
more  as  to  afford  a  solid  foundation  for  a  fence 
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wall,  or  as  much  shall  be  cut  from  the  upper  side 
as  shall  bring  the  lower  to  a  proper  level.  If  this 
consists  of  loose  soil,  it  must  be  compressed  by 
means  of  water,  or  shall  be  left  through  a  part  of 
the  winter  to  receive  the  snows  and  rains ;  but  no 
soft,  boggy,  or  peat  substance  is  on  any  account  to 
be  laid  behind  the  retaining  walls.  Where  the 
cutting  on  the  upper  side  consists  of  rock  rubbish, 
gravel,  or  mountain  clay,  it  will  only  require  to  be 
properly  levelled  as  the  work  is  carried  on.** 

The  following  specification  has  been  successfully 
acted  upon  in  forming  a  road  over  a  peat  bog  in 
Ireland :  — 

**  When  the  line  of  tlie  road  has  been  traced  out 
to  the  exact  width  and  line  of  direction,  main 
drains  are  to  be  cut  on  each  side  eight  feet  wide  at 
top,  four  feet  deep,  and  eighteen  inches  wide  at 
bottom ;  the  peat  dug  out  of  these  drains  is  to  be 
spread  over  the  surface  of  the  roadway  in  form  of 
a  ridge,  taking  care  to  previously  cover  all  the  very 
soft  and  swampy  places  with  dried  peat,  sods,  or 
brushwood :  numerous  drains  are^to  be  cut  across 
the  roadway  from  the  one  main  drain  to  the  other ; 
they  are  to  be  three  feet  deep  at  the  centre  of  the 
roadway,  and  four  feet  deep  at  the  main  drains : 
after  the  whole  have  remained  in  this  state  for  two 
summer  months,  the  bed  for  the  roadway  is  to  be 
neatly  formed,  with  the  sides  on  the  same  level, 
and  with  a  convexity  of  half  an  inch  in  the  yard. 

"  The  carriage-way  is  then  to  be  covered  with 
six  inches  of  clay,  laid  on  evenly,  and  firmly  com- 
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pressed  by  stampers  or  rollers ;  it  is  to  have  a  fall 
of  one  inch  in  the  yard  from  the  centre  towards 
the  sides :  over  the  clay  is  to  be  put  four  inches  of 
small  gravel ;  it  is  to  be  frequently  rolled,  and, 
when  solid  and  compressed,  the  foundation  will  be 
formed  for  the  reception  of  the  road  materials.*' 
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So  much  depends  upon  proper  drainage,  that  too 
great  attention  cannot  be  given  to  this  part  of  the 
business  of  road-making. 

This  operation  should  be  carried  on  at  the  time 
of  forming  the  road.  When  it  is  to  be  made  over 
flat  and  wet  land,  open  main  drains  should  be  cut 
on  the  field  side  of  the  fences :  these  drains  should 
communicate  with  the  natural  watercourses  of  the 
adjacent  land ;  their  size  should  depend  upon  the 
nature  of  the  country  and  upon  local  circumstances. 

In  general,  these  side  drains  should  be  cut  at 
least  three  feet  deep  below  the  level  of  the  bed  of 
the  road ;  they  should  be  one  foot  wide  at  bottom, 
and  five  feet  wide  at  top. 

In  crossing  marshy  land  they  should  be  made 
sufficiently  deep  and  wide  to  obtain  earth  to  raise 
the  bed  of  the  road,  from  side  to  side,  three  feet 
higher  than  the  natural  surface,  in  order  to 
compress  the  subsoil  and  reduce  its  elasticity. 

If,  [in  consequence  of  the  road  running  along 
the  side  of  a  hill,  or  passing  through  a  cutting  of  a 
hill,  or  of  the  intervention  of  buildings  or  other 
obstructions,  main  open  drains  cannot  be  formed, 
it  then  becomes  necessary  to  make  covered  drains 


DRAINAGE.  95 

on  each  side  of  the  road.  These  should  be  formed 
of  stone  or  brick,  and  should  be  strongly  and  sub- 
stantially built.  If  built  with  stone,  a  flat  stone 
should  be  laid  at  the  bottom  of  the  drain^^the  side  '^'^Cih 
walls  should  be  not  less  than  twelve  inches  thick, 
and  built  in  regular  level  courses,  but  without 
mortar ;  they  should  be  eighteen  inches  high,  and 
twelve  inches  apart.  Particular  care  must  be  taken 
that  the  covering  stones  have  a  bearing  of  at  least 
four  inches  on  the  side  walls.  They  should  have 
a  layer  of  brushwood  put  over  them ;  and  the  drain 
should  then  be  filled  up  with  gravel,  or  small 
stones.  In  gravel  countries,  or  where  stone  is 
difficult  to  be  procured,  it  will  be  necessary  to 
build  the  main  side  drains  of  brick ;  the  side  walls 
should  be  four  inches  thick,  three  bricks  high,  and 
five  inches  apart,  and  covered  with  brick  on  the 
flat :  these  covering  bricks  should  not  be  laid  close 
together ;  an  interval  of  at  least  half  an  inch  should 
be  left  between  each,  to  aDow  the  water  to  enter 
the  drain  from  above. 

In  some  cases  it  will  be  necessary  to  build  cir- 
cular brick  drains  twelve  or  eighteen  inches  in 
diameter,  according  to  circumstances;  but  they 
are  expaisive,  and  require  inlets,  built  with  brick, 
with  iron  grates.  In  consequence  of  its  being 
necessary  to  build  these  drains  with  mortar,  they  are 
not  so  good  as  the  open-jointed  drain  last  described, 
unless  there  is  a  considerable  run  of  water.  Plate  II. 
fig.  12. 

If  springs  rise  in  the  site  of  the  road,  or  in  the 
slopes  of  deep  cuttings,  stone  or  tile  drains  should 
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be  made  into  them,  so  as  completely  to  carry  away 
all  the  water. 

In  cuttings  it  is  necessary  to  make  drains  of 
small  dimensions  from  the  centre  of  the  road  to  the 
side  drains.  These  drains  should  form  an  angle  in 
the  centre  of  the  road,  in  the  shape  of  a  V,  techni- 
cally called  mitre  drains:  the  angle  or  splay  of 
these  drains  should  depend  upon  the  inclination  of 
the  road ;  it  should  not  make  the  inclination  of  the 
drains  exceed  one  inch  in  100  j  for  if  it  be  greater, 
the  run  of  the  water  will  undermine  the  sides,  and 
injure  them.  These  mitre  drains^should  be  nine 
inches  wide  at  bottom,  twelve  inches  wide  at  top, 
and  ten  inches  deep.  These  drains  should  be 
placed  at  about  sixty  yards  from  each  other,  or 
about  thirty  in  the  mile ;  but  if  the  soil  be  wet, 
this  number  should  be  considerably  increased. 
They  are  to  be  filled  with  rubble  stone  or  cleansed 
gravel.  If  gravel  is  used,  a  draining  tile  should  be 
laid  along  the  bottom  before  the  gravel  is  put  on. 
In  stiff  and  retentive  clays  these  drains  should  be 
twelve  inches  wide  at  bottom,  sixteen  inches  wide 
at  top,  and  eighteen  inches  deep.  In  the  bottom 
bricks  should  be  laid  on  the  fiat,  six  inches  apart ; 
these  should  be  covered  by  other  bricks  laid  across, 
so  as  to  form  an  open  channel  of  six  inches  by  four, 
and  over  these  gravel  or  small  stones  should  be 
laid.  Where  stones  can  be  obtained,  they  will 
answer  as  well  as  bricks. 

The  upper  part  of  these  mitre  drains  should 
communicate  with  the  road  materials,  so  as  to 
draw  the  water  from  them. 
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According  to  the  inclinations  of  a  road,  and  the 
form  and  wetness  of  the  country  through  which  it 
passes,  cross  drains  of  good  masonry  should  be 
built  beneath  it,  having  their  extremities  carried 
under  the  road  fences. 

One  of  these  drains  should  be  made  wherever 
the  water  would  lie  on  one  side  of  the  road,  and 
can  only  be  got  rid  of  by  carrying  it  to  the  other 
side.  When  the  road  passes  along  the  slope  of  a 
hill  or  mountain,  a  great  number  of  these  drains 
are  necessary  to  carry  off  the  water  that  collects  in 
the  channel  on  the  side  next  the  high  ground. 
They  should  be  placed  at  from  50  to  100  yards* 
distance  from  each  other,  according  to  the  declivity 
of  the  hill ;  so  that  the  side  channels  may  not  be 
cut  by  carrying  water  too  fer.  In  tliese  situa- 
tions inlets  should  be  built  of  masonry,  to  carry 
the  water  from  the  side  channel  into  the  cross 
draiit^.  The  manner  of  building  an  inlet  will  be 
described  in  the  chapter  on  Road  Masonry.  On 
flat  ground  numerous  outlets  should  also  be  made 
from  the  side  channels,  under  the  footpaths,  or 
wastes  and  fences,  into  the  field  ditches. 

In  mountainous  countries,  where  the  road  passes 
along  slopes,  it  is  necessary  to  carry  open  or  catch- 
water  drains,  branching  from  the  upper  ends  of 
the  cross  drains,  in  an  inclined  direction,  so  as  to 
catch  the  sur&ce  water  before  it  can  reach  the 
road. 

After  all  these  precautions  have  been  taken,  the 
preservation  of  the  surface  from  injury  by  water 
should  be  further  secured,  by  giving  a  proper  con- 
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vexity  in  the  cross  section,  and  by  making  regular 
side  channels. 

These  side  channels  will  be  formed  by  the  angle 
where  the  curved  surface  of  the  road  abuts  on  the 
footpath,  or  other  defining  boundary  of  the  road- 
way. They  will  be  capable  of  carrying  off  a  great 
quantity  of  water,  without  being  made  in  the  form 
of  a  square-sided  drain. 

Attention  in  making  the  surface  of  a  proper  con- 
vex form  is  particularly  necessary  on  hills,  in  order 
that  the  water  may  have  a  tendency  to  fall  from 
the  centre  to  the  sides,  in  place  of  running  from  the 
sides  to  the  middle  of  the  road,  which  it  certainly 
will  do  unless  the  side  channels  are  kept  below  the 
centre,  in  the  manner  hereafter  described. 

On  all  hills  the  greatest  care  should  also  be  taken 
to  keep  the  side  channels  always  open ;  for,  if  they 
are  obstructed  with  weeds  or  mud,  the  water  will 
find  its  way  over  the  middle  of  the  road.  The  side 
channels  should  be  all  thoroughly  repaired  as  well 
as  all  the  drains  before  the  approach  of  winter,  and 
again  after  the  winter  is  over ;  but,  besides  these 
repairs  at  fixed  periods,  daily  attention  should  be 
given  to  take  care  that  no  obstruction  takes  place. 

Whenever  a  branch  or  field  road  joins  a  main 
road,  it  should  not  be  allowed  to  interfere  with  the 
side  channel :  in  order  to  secure  this  object,  the 
point  of  junction  should  always  be  on  the  field  side 
of  the  side  channel ;  unless  this  is  the  case,  the 
branch  or  field  road  will,  when  on  a  higher  level 
than  the  main  road,  carry  its  surface  water  upon 
the  main  road. 
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In  addition  to  all  these  means  recommended  to 
be  adopted  for  securing  the  drainage  of  a  road,  it  is 
of  the  utmost  importance  that  evaporation  should 
have  full  effect  in  dr3dng  up  the  surface,  by  allowing 
the  sun  and  wind  to  act  upon  it  in  the  freest 
manner. 

The  necessity  of  giving  a  road  a  good  exposure 
has  already  been  mentioned  under  the  head  of 
"  Laying  out  a  Road ;"  and  the  value  of  a  rapid 
evaporation  will  be  more  fully  explained  when  the 
repair  of  roads  is  brought  under  consideration. 

Roads  kept  dry  wUl  be  maintained  in  a  good 
state  with  proportionally  less  expense.  It  has 
been  well  observed,  that  the  statuary  cannot  saw 
his  marble,  nor  the  lapidary  cut  his  jewels,  without 
the  ajssistance  of  the  powder  of  the  specific  materials 
on  which  he  is  acting :  this,  when  combined  with 
water,  produces  sufficient  attrition  to  accomplish 
his  purpose. 

A  similar  effect  is  produced  on  roads,  since  the 
reduced  particles  of  the  materials,  when  wet,  assist 
the  wheels  in  rapidly  grinding  down  the  surface. 

A  more  particular  description  of  the  mode  of 
constructing  the  several  drains  which  have  been 
mentioned  will  be  given  in  the  chapter  on  Road 
Masonry. 
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CHAPTER  V. 

DIFFERENT   KINDS   OF   ROADS,   AND   MODES   OF 

CONSTRUCTING   THEM. 

There  is  not  to  be  found  in  any  of  the  books  on 
road-making  a  distinction  between  roads  for  great 
and  roads  for  little  traffic.  Each  author  has 
written  as  if  there  ought  to  be  only  one  kind  of 
road  for  every  kind  of  use.  This  is  a  great  mistake, 
and  has  led  to  much  confusion  in  forming  opinions 
upon  the  proper  construction  of  roads.  A  road  of 
earth,  put  into  a  regular  form,  will  answer  for  a 
park  drive.  The  same  with  a  coating  of  gravel 
Lido  for  Ught  carts  and  other  carri^es.  So  a 
road  made  with  ten  or  twelve  inches  of  broken 
stones  laid  on  the  natural  soil,  wiU  be  a  sufficiently 
good  road  when  the  traffic  is  not  considerable; 
while  very  great  traffic  requires  a  road  to  be  con- 
structed in  a  different  manner,  that  is,  with  much 
greater  solidity  and  hardness,  so  as  to  allow  car* 
riages  to  be  drawn  on  it  with  the  smallest  possible 
quantity  of  tractive  power,  the  object  that  all 
road-makers  ought  to  have  in  view. 

The  different  kinds  of  roads  may  be  distinguished 
and  described  as  follows  :— 

1st.  Iron  railways. 

2d.  Paved  roads. 
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Sd.  Roads  of  which  the  surface  is  partly  paved 
and  partly  made  with  broken  stones  or  other  ma- 
terials. 

4th.  Roads  with  a  foundation  of  pavement  and  a 
sur&ce  of  broken  stones. 

5th.  Roads  with  a  foundation  of  rubble  stones, 
and  a  surface  of  broken  stones  or  gravel. 

6th.  Roads  made  with  broken  stones  laid  on  the 
natural  soil. 

7th.  Roads  made  with  gravel  laid  on  the  natural 
soil. 

IRON    RAILWAYS. 

The  uses  and  advantages  of  iron  railways  with 
locomotive  engines  have  of  late  been  so  fully  ex- 
plained in  several  works  of  great  ability  that  it  is 
not  necessary  to  repeat  in  this  what  was  stated 
respecting  them  in  the  last  edition. 

The  eagerness  which  was  so  generally  displayed 
by  vast  numbers  of  persons  to  give  credit  to  the 
representations  of  the  great  profits  to  be  realized  by 
railway  shares,  gave  so  much  encouragement  to  all 
those  adventurers,  who  looked  to  derive  immediate 
advantage  from  railway  projects,  that  acts  of  parlia- 
ment have  been  passed  for  railways  in  every  part  of 
the  kingdom.  The  experience,  however,  which 
has  been  gained  from  those  already  completed,  and 
from  the  enormous  expense  incurred  on  those 
which  are  in  progress,  has  led  to  a  general  opinion 
that  there  is  little  probability  of  more  than  a  few  of 
these  works  affording  any  ultimate  return  for  the 

money  expended  upon  them. 
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The  heavy  expense  which  is  proved  by  expe- 
rience  to  be  unavoidable  in  keeping  the  railways 
and  engines  in  repair,  where  great  speed  is  the 
object,  will  in  numerous  cases  soon  make  it  evident 
that  no  dividends  can  be  paid  to  the  shareholders  ; 
andgthe  cheaper  method  of  using  horse  power  will 
be  adopted.  This  has  recently  happened  on  a  rail- 
way, where,  although  the  traffic  on  it  was  very  con- 
siderable both  of  goods  and  passengers,  the  cost  of 
using  steam  power  absorded  nearly  all  the  money 
received ;  and  accordingly,  a  case  having  been 
made  out  by  an  eminent  engineer  to  show  that  if 
horse  power  were  employed  the  traffic  would  affi^rd 
a  dividend,  the  use  of  steam  power  was  discon- 
tinued, and  the  result  has  proved  the  change  to  be 
completely  successful. 

What  seems  to  have  been  the  great  error  on  the 
part  of  those  who  have  introduced  the  modem 
railway  system  was  making  excessive  speed  the  main 
object  of  it.  It  is  this  which  has  led  to  the  enor- 
mous expense,  1st,  as  to  the  gradations  of  the 
lines ;  2dly,  as  to  the  strength  of  the  construction 
of  railways  ;  and  Sdly,  as  to  the  engine.  But  the 
attaining  of  the  speed  of  25  or  30  miles  an  hour,  at 
such  an  enormous  expense,  cannot  be  justified  on 
any  principle  of  national  utility.  The  usefulness 
of  communication,  in  a  national  point  of  view,  con- 
sists principally  in  rendering  the  conveyance  of  all 
the  productions  of  the  soil  and  of  industry  as  cheap 
as  possible.  This  keeps  down  the  prices  of  food,  the 
prices  of  raw  materials,  the  prices  of  finished  goods ; 
and  thus  increases  the  consumption  of  all  pro- 
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ductionsy  the  employment  of  labour  and  capital, 
and  generally  the  national  industry  and  national 
wealth.  But  a  speed  of  10  miles  an  hour  would 
have  accomplished  all  these  purposes,  and  have 
been  of  great  benefit  to  travellers,  while  it  could 
have  been  attained  at  from  one  half  to  one 
third  of  the  expense  which  has  been  incurred  by 
the  system  that  has  been  acted  upon.  It  is  no 
doubt  true  that  travelling  at  the  rate  of  25  or  SO 
miles  an  hour  is  personally  very  convenient,  but  how 
it  can  be  made  to  act  so  as  to  contribute  very  much 
to  the  benefit  of  the  country  at  large  it  is  not  easy 
to  discover.  Economy  of  time  in  an  industrious 
country  is  unquestionably  of  immense  importance, 
but  after  the  means  of  moving  at  the  rate  of  ten 
miles  an  hour  is  universally  established,  there  seems 
to  be  no  very  great  advantage  to  be  derived  from 
going  faster. 

The  use  of  steam  power  and  the  practice  of 
keeping  up  an  excessive  rate  of  sj^eed  has  neces- 
sarily led  to  high  charges  for  carrying  passengers 
and  goods.  A  slower  rate  of  speed  would,  by 
diminishing  expense,  admit  of  the  charges  being 
moderate,  and  in  this  way  the  national  interests 
would  be  best  promoted.  The  object  in  making 
railways  ought,  from  the  beginning,  to  have  been 
the  reduction  of  the  cost  of  moving  passengers  and 
goods  to  the  lowest  possible  limit,  and  not  excessive 
speed.  This  would  have  made  the  money  applied 
to  railways  go  much  farther  in  extending  them 
over  the  face  of  the  country ;  the  risks  of  accidents 
would  have  been  almost  whoUy  avoided;  while 
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the  charges  for  travelling  and  transporting  goods 
would  have  been  considerably  less.  It  is,  however, 
right  to  admit,  that  if  the  raging  passion  for 
excessive  speed  had  not  been  gratified,  subscribers, 
probably,  would  not  have  been  found  for  forming 
railway  companies,  and  what  was  really  useful  and 
necessary  in  substituting  railways  for  commcm 
roads  would  never  have  been  accomplished.  The 
public,  in  fact,  are  alone  to  blame  for  the  immense 
waste  of  money  which  has  taken  place  in  forcing 
an  excessive  rate  of  speed,  and  in  producing  that 
superfluity  of  embellishment  and  grandeur  which 
is  to  be  seen  on  all  the  nulways. 

PAVED    ROADS. 

In  situations  where  canals  cannot  be  constructed^ 
either  for  want  of  water  or  other  circumstances^ 
and  where  the  description  and  quantity  of  traffic, 
or  local  obstructions,  do  not  justify  the  expense  of 
forming  a  railway,  paved  trackways  and  roads 
made  on  proper  principles  would  be  found  much 
better  for  conveying  goods  than  turnpike  roads^ 
constructed  as  they  usually  are.  The  advantages 
which  may  be  derived  from  paved  roads  as  a  means 
of  transport  have  been  too  much  overlooked ;  and 
therefore  it  is  very  important  to  show  how  much 
superior  a  well-made  pavement  is  to  a  common 
road  in  enabling  horses  to  draw  very  large  burdens. 

The  plan  of  paving  which  contributes  most  to 
diminish  the  labour  of  moving  heavy  weights  on 
roads,  is  that  of  forming  as  hard  and  smooth  a 
surface  as  can  be  formed,  with  stone  for  the  wheels 

14 


DIFFERENT  MODES  OF  CONSTRUCTION.  105 

of  carriages  to  roll  upon.  This  is  effected  by 
making  use  of  large  blocks  of  granite  or  other  hard 
stone.  Roads  of  this  kind,  when  the  blocks  are 
about  16  inches  wide,  and  are  laid  in  parallel  lines, 
are  commonly  called  stone  tramways  or  trackways. 

On  a  well-constructed  road  or  trackway  of  this 
kind,  it  has  been  proved  by  experiment  that  a 
London  draught  horse  can  draw,  on  the  level,  ten 
tons.* 

In  cases  where  hills  cannot  be  brought  to  a  better 
inclination  than  1  in  20  without  incurring  a  very 
heavy  expense,  a  stone  trackway  may  be  used  with 
very  great  benefit.  On  the  Holyhead  Road,  be- 
tween Towcester  and  Daventry,  there  is  a  hill  one 
mile  in  length,  from  Forster^s  Booth  to  Geese 
Bridge,  and  another  hill  from  this  bridge,  of  the 
same  length,  to  Stow.  The  inclinations  on  both 
hills  being  about  1  in  20,  the  estimated  expense  for 
reducing  these  inclinations  to  1  in  24  was  20,000/. ; 
but  nearly  all  the  advantage  in  diminishing  tractive 
force  which  could  have  been  obtained  by  this  outlay 
has  been  obtained  by  a  moderate  extent  of  cutting 
and  embanking,  and  by  making  a  stone  trackway  on 
a  portion  of  each  hill ;  the  whole  at  an  expense  of 
9,000/.  The  power  required  to  draw  one  ton  on 
the  old  road  over  those  parts  of  the  hills  which 
were  at  1  in  20,  was  found  to  be  by  Mr.  Macneill's 
instrument  294  lbs.,  but  the  power  required  on 


*  See  Report  of  Mr.  Walker  on  the  Commercial  Road,  and 
Remarks  of  Mr.  Macneill  on  Tramways,  Appendix,  No.  IIL 
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these  trackways  for  the  same  weight  and  at  the 
same  rate  of  inclination  is  only  132  lbs.  j  so  that 
the  tractive  force  has  been  reduced  more  than  one 
halfby  this  improvement 

The  Commercial  Road,  from  the  West  India 
Docks  to  Whitechapel,  was  made  on  this  plan  in 
1829,  that  is,  with  large  blocks  of  granite  five  or 
six  feet  in  length,  sixteen  inches  wide,  and  twelve 
inches  deep,  laid  for  the  wheels  to  run  upon,  as  on 
a  tramroad  of  iron,  except  that  there  is  no  flanche. 
The  space  between  the  granite  blocks  is  paved. 
The  plan  has  succeeded,  as  may  be  seen  from  the 
following  Report  of  Mr.  Walker  to  the  trustees  of 
this  road :  — 

"  I  beg  to  report  the  results  of  the  experi- 
ments made  this  day  upon  the  stone  tramway 
now  forming  on  the   Commercial   Road,  before 

you,  accompanied  by  the  Chairman  of  the  West 
India  Dock  Company,  and  Mr.  Colville,  one  of  the 
directors. 

"  The  experiments  were  made  upon  the  space 
between  the  West  India  Dock-gate  and  the  first 
turnpike  upon  the  Commercial  Road,  with  a  very 
good  town-made  waggon,  belonging  to  Messrs. 
Smith  and  Sons,  distillers,  and  a  stone  truck, 
belonging  to  Messrs.  Freeman. 

"  The  dust  had  been  swept  off  the  tramway  in 
the  morning.  The  distance  is  550  feet,  of  which 
250  feet  nearest  the  Dock-gate  rise  1  foot,  or  1 
in  250,  and  the  other  300  feet  rise  about  2|  feet, 
or  1  in  116. 
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"  The  whole  rise  in  the  550  feet  is  3^  feet,  or 
1  in  155. 

"  The  gravity  of  one  ton  upon  the  lower  length 
is,  therefore,  2,240  lbs.  divided  by  250,  or  nearly 
9  lbs.  Upon  the  upper  length  it ,  is  2,24fO  lbs. 
divided  by  116,  or  19^-  lbs.,  and  the  average  of 
gravity  upon  the  whole  length  is  2,240  divided  by 
155,  or  14^  lbs. 

"  Experiment  1st.  The  general  average  resist- 
ance of  four  tons  gross  (viz.  waggon  1  ton  16  cwt. 
and  goods  2  tons  4  cwt),  as  ascertained  by  your 
chairman  (C.  H.  Turner,  Esq.)  and  Mr.  Colville,  by 
means  of  a  spring  weighing  machine,  was  127  lbs.  j 
from  which,  if  we  deduct  the  gravity  of  4  tons, 
or  19^  lbs.  multiplied  by  4,  say  77  lbs.,  there  is 
left,  for  the  friction  of  4  tons,  50  lbs.,  which  gives 
for  the  friction  of  1  ton  12^1bs.,  xr^r^b  of  the  whole 
weight  moved. 

"  This  friction  is  not  more  than  upon  the  best 
constructed  edge  railway.  I  consider  that  the 
greater  size  of  our  wheels,  and  there  being  no 
flanche,  compensate  for  the  roughness  of  the  stones 
(from  their  })eing  newly  laid,)  as  compared  with  an 
iron  railway.  • 

"  Experiment  2d.  A  pony  12^  hands  high, 
weight  4^  cwt.,  drew  upon  the  upper  part  in  your 
presence,  and  afterwards  upon  the  lower  part  in 
your  and  the  directors*  presence,  six  tons  (gross). 
I  was  not  aware  that  the  difference  of  inclination 
of  the  two  parts  was  so  great,  or  he  should  have 

*  In  cODsequeuce  of  the  improved  mode  of  laying  rails,  the 
resistance  from  friction  is  now  about  8  lbs. 
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gone  over  the  upper  length  again,  —  he  had  done 
it  more  than  once  before. 

"  Taking,  therefore,  the  upper  part  on  the  rise 
of  1  in  116,  the  pon/s  exertion  was, 

lbs. 

Gravity  19^  lbs.  multiplied  by  6,  or        -  116 
Friction  12^  lbs.  multiplied  by  6,  or        -    75 


Making  together        191 
and  191  lbs.  divided  by  12^  lbs.  (the  friction  of 
one  ton)  gives  15  tons. 

"  The  pony's  work,  therefore,  was  equal  to 
fifteen  tons  drawn  upon  a  level  road. 

"  Experiment  3d.  The  waggon,  loaded  as  in 
the  preceding  experiment,  being  turned  round  and 
started  by  the  pon3r*s  exertion,  ran  down  the  whole 
length  to  the  Dock-gate  with  increasing  velocity 
(the  pony  not  drawing  it),  and  for  a  distance  off 
the  tramway,  before  it  could  be  stopped;  con- 
sequently the  average  fall  of  1  in  155  exceeded 
the  resistance  by  friction. 

"  Experiment  4th.  A  powerful  horse  (weiglit 
14  cwt.)  drew  12  tons  gross  (the  waggon  and 
truck  loaded)  from  the  West  India  Dock-gate  to 
the  turnpike  at  the  rate  of  4  miles  per  hour. 

^*  Taking  then  the  upper  length,  or  a  rise  of 

1  in  116,  we  have, 

lbs- 
Gravity  12  times  19i  lbs.,  or  -        232 
Friction  12  times  12^  lbs.,  or             -        150 

Making  together        382 
and  382  lbs.  divided  by  12^  lbs.  gives  30^  tons. 
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**  The  horse's  work  was  therefore  the  same  as  if 
he  had  been  drawing  30^  tons  upon  the  level. 

"  The  fiill  average  work  of  a  horse  per  day  is 
150  lbs.  moved  20  miles ;  consequently  the  pony 
was  exerting  one  fourth  more  than  tiie  average 
work  of  one  horse  through  the  day ;  and  the  horse 
was  doing  the  work  of  2^  horses. 

"  The  horse  appeared  to  go  easily ;  but  the 
exertion  was,  of  course,  too  great  to  be  continued 
for  any  considerable  time,  so  as  to  form  a  basis  for 
general  calculation. 

"  Upon  the  whole,  I  think  the  conclusion  is, 
that  if  the  road  were  level,  the  work  of  a  London 
draught  horse  upon  the  tramway  would  be  ten 
tons  (gross) ;  but  as  the  Commercial  Road  rises 
towards  London,  a  deduction  must  be  made  from 
this  for  gravity,  the  amount  of  which  depends 
upon  the  inclination  of  the  road,  and  is  common 
to  all  kinds  of  roads  and  railways.  Therefore, 
taking  all  things  into  consideration,  I  am  of  opinion 
that  six  tons  (gross)  from  the  Docks  to  White- 
chapel,  and  a  greater  weight  from  Whitechapel  to 
the  Docks,  may  be  considered  a  proper  load  for 
one  horse  on  the  tramway."  * 

*  The  following  is  the  specification  for  making  a  road  with 
granite  blocks  on  each  side  of  the  Geese  Bridge  Valley,  on  the 
Holyhead  Road :  — 

^  On  the  steep  parts  of  the  road,  as  shown  on  the  section 
from  the  letter  A  to  the  letter  B  (on  the  east  side  of  the  valley, 
and  frt>m  C  to  D  on  the  west  side),  two  lines  of  stone  blocks 
are  to  be  laid  down,  to  form  a  tram  or  track  for  the  wheeb  of 
carriages.  These  blocks  are  to  be  of  granite,  from  the  quarries 
at  Moont  Sorrel.    They  are  to  be  twelve  inches  deep,  fourteen 
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In  proportion  as  roads  or  streets  are  paved  with 
proper  skill  and  care,  the  advantages  in  diminishing 

inches  broad,  and  not  less  than  four  feet  long.  They  are  to  be 
pricked  on  each  face,  the  upper  surface  to  be  parallel  to  the 
bed,  and  the  sides  and  ends  dressed  square,  and  pricked  in  the 
same  manner  as  the  specimen  now  lying  at  Snow  Hill  Wharf, 
near  Weedon,  for  the  inspection  of  those  who  may  propose  for 
the  work.  The  foundation  for  these  blocks  is  to  be  prepared  in 
the  following  manner,  as  shown  in  plan  3. : — ^The  ground  is  to  be 
excavated  to  the  proper  depth,  to  receive  the  different  materials 
hereafter  described,  so  that  the  upper  surface  of  the  stone  blocks 
will  be  on  a  level  with  the  carriage-way  when  finished.  The 
width  of  this  opening  is  to  be  eight  feet,  extending  from  the 
channel  towards  the  centre  of  the  road.  When  the  bottom  is 
properly  and  evenly  levelled,  a  pavement  of  limestone,  or  good 
sandstone,  from  the  quarries  near  Stow,  is  to  be  laid  by  hand 
in  a  similar  manner  to  that  described  for  the  road-work.  These 
stones  are  to  be  eight  inches  deep  throughout,  to  be  firmly 
packed,  and  perfectly  level  from  side  to  side.  When  the  in- 
terstices are  filled  up  with  stone  chips,  and  the  whole  firmly 
packed,  good  lime  grout  is  to  be  poured  into  the  joints.  One 
barrel  of  lime  and  two  barreb  of  sand  and  gravel,  properly 
mixed,  and  used  whilst  fresh,  are  to  be  used  on  every  lineal 
yard.  This  work  is  to  be  done  to  the  satisfaction  of  the  engi- 
neer, and  every  care  taken  to  render  it  solid  and  substantial  in 
every  respect  On  this  pavement  three  inches  of  broken  stone 
from  LoveFs  or  Stow  quarries  are  to  be  laid :  no  stone  is  to 
exceed  one  inch  and  a  half  in  its  largest  dimensions.  They  are 
to  be  put  on  after  the  foundation  course  has  been  inspected  and 
approved  by  the  engineer,  and  not  before.  On  this  layer  of 
stone  two  inches  of  the  best  gravel  is  to  be  laid :  it  is  to  be 
rolled  with  a  metal  roller  several  times,  so  as  to  consolidate  the 
stone  and  gravel  together,  and  render  it  one  firm  mass.  On 
this  gravel  the  stone  blocks  or  trams  are  to  be  laid :  they 
must  be  even  on  the  bed,  and  the  ends  must  abut  together,  and 
form  one  continuous  and  uniform  line.  The  surface  of  each 
must  be  on  the  same  level,  and  perfectly  uniform  with  the  blocks 
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the  tractive  force  required  for  drawing  carriages 
upon  them  will  be  augmented.      On  a  smooth, 

on  the  opposite  side ;  that  is  to  say,  (he  surface  of  each  line 
must  be  perfectly  level,  and  correspond  throughout  When  the 
trams  or  blocks  are  laid  to  the  satisfaction  of  the  engineer,  the 
space  below  them  and  the  space  on  the  outside  is  to  be  filled  up 
to  within  six  inches  of  the  upper  surface  with  broken  lime- 
stone,  no  piece  of  which  shall  exceed  one  inch  and  a  half  in  its 
largest  dimensions.  A  row  of  paving-stones  of  granite,  not  less 
than  six  inches  deep,  five  inches  wide,  and  nine  inches  long,  is 
to  be  placed  on  each  side  of  the  trams  or  blocks:  these -stones 
to  be  of  the  best  granite  from  Mount  Sorrel  quarries.  They 
are  to  be  dressed  in  the  same  manner  as  the  stones  called 
sovereigns  in  the  London  market  These  paving-stones  are  to 
be  placed  close  to  each  side  of  the  blocks,  and  firmly  packed  up 
with  Hartshill  stone,  broken  not  to  exceed  two  inches  in  its 
largest  dimensions  for  the  first  three  inches;  the  next  three 
inches  towards  the  surface  to  be  broken  to  one  inch  and  a  half 
in  its  largest  dimensions.  When  this  work  is  completed,  the 
whole  is  to  have  a  top  dressing  of  one  inch  of  good  gravel, 
evenly  spread,  and  roiled  twice  in  wet  weather.  The  sides  of 
the  road  next  the  trams  is  to  be  formed  and  dressed  so  as  to 
come  on  the  same  level,  and  when  the  whole  is  finished  to  form 
one  uniform  surface  of  carriage-way,  as  shown  on  the  plan. 

**  A  drain,  eight  inches  deep  and  four  inches  wide,  is  to  be 
formed  on  each  side  of  the  trams,  the  bottom  of  which  is  to  be 
eight  inches  below  the  bottom  course  of  the  pavement,  and  is  to 
be  formed  of  rubble-stone  or  bricks,  so  as  to  lead  off  any  under  or 
surface  water  that  might  otherwise  injure  the  foundation  or  bed 
of  the  trams.  These  drains  are  to  have  ofi*-lets  into  the  large 
side  drains,  which  are  to  be  two  feet  under  the  surface  of  the 
road- way  where  the  trams  are  to  be  used :  and,  should  it  be 
thought  necessary,  wells  or  upright  shafts  must  be  constructed 
at  every  100  yards  apart  through  the  cuttings,  to  let  the  surface 
water  into  the  under  drains,  without  running  along  the  sur- 
fiice.  The  tops  of  these  wells  are  to  have  an  iron  grate  one 
foot  square,  the  bars  of  which  are  to  be  two  inches  deep,  one 
inch  and  a  half  apart,  and  one  inch  wide,  set  in  prop^  frames/* 
— See  Appendix,  No.  III.  on  Tramways. 
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well-made  pavement,  quite  horizontal,  it  appears, 
from  the  experiments  made  with  Mr.  Macneill's 
machine,  that  the  resistance  to  draught  is  not  more 
than  the  100th  part  of  the  weight  of  the  carriage 
and  its  load,  when  the  carnage  is  properly  con- 
structed, and  mounted  on  straight  and  cylindrical 
axles.*  According  to  this,  a  horse  of  great  power 
would  be  able  to  draw  on  such  a  road,  if  horizontal, 
six  tons  and  three  quarters ;  and  if  with  no  greater 
inclination  than  1  in  50,  two  tons  and  a  quarter. 

The  same  experiments  show  that  the  tractive  force 
on  a  good  pavement  is  33  lbs.,  while  that  on  a 
broken  stone  road  is  65  lbs.,  and  that  on  a  gravel 
road  147  lbs. 

The  following  statement  on  pavements  is  taken 
from  the  evidence  of  Mr.  Walker,  given  before  a 
select  committee  of  the  House  of  Commons,  upon 
the  Commercial  Road  from  London  to  the  West 
India  Docks : — 

*^  It  is  not,  I  am  sure,  overstating  the  advan- 
tages of  paving,  but  rather  otherwise,  to  say,  taking 
the  year  through,  two  horses  will  do  as  much  or 
more  work  with  the  same  labour  to  themselves  upon 
a  paved  road  than  three  upon  a  gravelled  road,  if 
the  traffic  on  the  gravelled  road  is  considerable ; 
and  if  the  effect  of  this  is  brought  into  figures,  the 
saving  of  the  expense  of  carriage  will  be  found  to 
be  very  great  when  compared  with  the  cost  of 
paving.  If  the  annual  tonnage  upon  the  Com- 
mercial Road  be  taken  at  250,000  tons,  and  at  the 

*  See  Mr.  Telford's  SevenUi  Report  on  the  Holyhead  Road. 
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rate  of  only  three  shillings  per  ton  from  the  Docks, 
it  could  not,  on  a  gravel  road,  be  done  under  four 
shillings  and  six-pence ;  say,  however,  four  shillings, 
or  one  third  per  ton  difference,  which  makes  a 
saving  of  1%500L  in  one  year. 

"  I  think  I  am  under  the  mark  in  all  these 
figures ;  and  I  am  convinced,  therefore,  that  the 
introduction  of  paving  would,  in  many  cases,  be 
productive  of  great  advantages." 

Mr.  Walker  further  says,  that  "  during  thirteen 
years  that  the  East  India  Docks'  branch  has  been 
paved,  the  paving  has  not  cost  twenty  pounds  in 
repairs,  although  the  waggons,  each  weighing  about 
five  tons,  with  the  whole  of  the  East  India  produce, 
which  is  brought  from  the  Docks  by  land,  have 
passed  all  that  time  in  one  track  upon  it ;  and  a 
great  deal  of  heavy  country  traffic  for  the  last  eight 
years,  when  a  communication  was  formed  with  the 
county  of  Essex.**  * 

This  road  has  been  referred  to,  not  by  way  of 
showing  a  perfect  specimen  of  pavement,  but  gene- 
rally  to  point  out  the  advantages  of  paved  roads ; 
for  this  road,  in  consequence  of  the  plan  of 
Mr.  Walker  not  having  been  strictly  attended  to, 
was  by  no  means  originally  constructed  in  so  perfect 
a  manner  as  it  might  have  been. 

Still,  however,  it  was  by  far  the  best  specimen 
of  pavement  that  had  been  executed ;  and  it  has 
fully  established,  by  experience,  the  great  advan- 

*  See  Report  of  the  Committee  of  the  House  of  Commons 
on  Turnpike  Roads  in  1819. 
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tages  which  the  public  may  obtain  by  making  a 
paved  road  for  transporting  merchandise,  when  it 
is  not  possible  to  make  a  canal  or  railway. 

A  common  opinion  prevails,  that  because  paved 
streets  have  almost  every  where  been  suffered  to 
be  rough  and  imperfect,  all  pavements  must  neces- 
sarily be  rough  and  bad ;  but  a  slight  degree  of 
consideration  will  show  that  this  opinion  is  without 
foundation,  and  that,  in  point  of  fact,  the  cause  of 
rough  and  bad  pavements  is  bad  management, 
arising  from  the  ignorance  of  those  employed  to 
make  them,  or  the  want  of  sufficient  funds  for 
executing  good  work. 

The  chief  defects  of  all  pavements  arise  from 
neglecting  to  give  the  stones  a  proper  shape,  and 
to  construct  a  substantial  foundation  to  support 
them. 

The  foundation  for  the  London  pavements  has 
commonly  been  formed  with  all  sorts  of  old  rotten 
materials,  without  having  uniformity  in  texture  or 
solidity. 

This  makes  the  bottoming  of  unequal  strength, 
and  the  consequence  is,  that  ailer  tJie  pavement 
has  been  laid  upon  it,  the  weaker  parts  give  way, 
while  the  stronger  remain  firm,  so  that  the  surface 
of  the  street  becomes  low  in  some  places,  and  high 
in  others,  and  very  soon  rough  and  out  of  order. 

But  the  effect  of  this  bottoming  is  visible  in 
another  way ;  for  in  consequence  of  the  defective 
shape  of  the  stones,  and  also  of  the  defective  manner 
in  which  they  are  set,  there  is  a  quantity  of  sofl 
earth  between  them,  which  serves  to  conduct  the 
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water  which  falls  on  the  pavement  through  the 
joints  of  the  stones  into  the  body  of  earth  that 
Ues  under  them.  But  when  the  water  gets  into 
this  earth,  it  forms  a  bed  of  mud,  and  the  heavy 
weights  passing  over  the  paving-stones  press  them 
into  it,  and  then  the  mud,  not  being  able  to  resist 
the  pressure,  rises  upwards  between  the  joints  to 
the  sur&ce  of  the  pavement. 

In  making  some  of  the  new  pavements  in  London, 
more  attention  has  been  paid  to  the  foundation  than 
formerly,  but  still  not  so  much  as  there  should 
have  been.  Fleet  Street,  for  instance,  was  paved 
with  considerable  care;  the  stones  were  properly 
shaped  and  dressed,  and  evenly  laid :  the  ground 
was  dug  out  twelve  or  eighteen  inches  deep,  and  a 
body  of  broken  stones  was  put  into  the  space  thus 
cleared  out  for  a  foundation,  and  the  joints  of  the 
paving-stones,  when  set,  were  grouted  with  liquid 
lime.  Yet,  notwithstanding  all  this,  the  pavement 
soon  got  out  of  order,  and  became  uneven  and 
extremely  defective  in  a  few  months  after  it  was 
made.  The  cause  of  this  failure  was  that  the  stones 
for  the  foundation  were  thrown  in  loosely,  by  cart- 
loads at  a  time,  and  merely  levelled  before  the 
paving-stones  were  laid  on. 

The  great  defects  in  the  London  pavement,  with 
respect  to  the  shape  of  the  paving-stones,  and  to 
proper  bottoming,  are,  in  a  great  measure,  to  be 
attributed  to  the  errors  committed  by  the  persons 
who  have  had  the  management  of  maJdng  contracts 
for  it 

They  have  acted  too  much  on  the  principle  o£ 
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getting  cheap  work,  and  to  accomplish  this  have 
neglected  the  main  point  of  securing  good  work. 
In  this  way  they  have  promoted  a  system  of  incon- 
siderate competition,  and  thereby  reduced  the 
price  of  paving  work  so  unreasonably  as  to  make 
it  impossible  for  contractors  to  provide  the  best 
materials,  and  to  bestow  the  necessary  portion  of 
labour  on  dressing  and  setting  them,  without  loss. 

Besides  this,  the  managers  of  the  pavements 
have  sometimes  committed  another  error,  in  re- 
quiring the  contractors  to  execute  their  work  by 
the  superficial  square  yard,  of  a  certain  depth, 
without  adding  conditions  respecting  the  weight 
of  the  stones  to  be  put  into  a  square  yard,  and 
without  requiring  the  close  joining  of  the  stones. 
As  contractors  purchase  the  stones  by  weight,  the 
less  square  (that  is,  the  more  imperfect)  they  are, 
the  more  profit  they  will  have  on  each  superficial 
yard ;  so  also  in  proportion  as  the  joints  between 
the  stones  are  wide,  fewer  stones  will  be  used,  and 
the  work  will  be  proportionably  profitable  to  them, 
and  defective  for  the  use  of  the  public. 

Having  thus  shortly  explained  the  principal  de- 
fects of  the  London  practice  of  paving,  the  mode 
that  seems  fit  to  be  adopted  in  its  stead  shall  now 
be  described. 

The  first  object  to  be  secured  is  a  good  found- 
ation. In  those  streets  where  there  is  a  constant 
passing  of  carriages,  both  night  and  day,  such  as 
the  Strand,  Fleet  Street,  Holborn,  Cheapside,  Pic- 
cadilly, and  Oxford  Street,  the  foundation  for  the 
pavement  should  be  a  sub-pavement  made  of  old 
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paving  stones,  or  any  kind  of  coarse  stone ;  and  this 
shodd  be  laid  on  a  bed  of  broken  stones.  This 
mode  of  paving  is  in  use  in  Paris.  In  the  autumn 
of  1835,  for  instance,  the  old  pavement  of  the  Rue 
Dauphine  was  taken  up,  and  relaid  on  a  bed  of 
gravel,  to  form  the  foundation  for  the  new  pave- 
ment This  practice  has  proved  completely  suc- 
cessful. In  streets  where  the  traffic  is  not  very 
great,  the  foundation  should  be  made  in  the  fol- 
lowing manner : — ^a  bed  should  be  formed  with  a 
convexity  of  two  inches  to  ten  feet,  so  as  to  admit 
of  twelve  inches  of  broken  stones  being  laid  upon 
it  These  should  be  put  on  in  layers  of  four  inches 
at  a  time.  After  the  first  layer  is  put  on,  the 
street  should  be  kept  open  for  carriages  to  pass 
over  it.  When  this  first  layer  has  become  firm  and 
consolidated,  then  another  layer  of  four  inches 
should  be  put  on,  and  worked  in  as  before,  care 
being  taken  to  rake  the  ruts  and  tracks  of  the 
wheels  of  carriages,  so  that  the  surface  may  be-» 
come  smooth,  and  consolidated.  The  same  process 
should  be  repeated  with  the  third  layer  of  stones, 
by  which  means  a  solid  and  firm  foundation  will 
be  established,  of  twelve  inches  in  thickness,  foir 
the  dressed  paving  stones  to  lie  upon, 


^  * 


*  Mr.  Edgeworth  says>  in  his  Essay  on  Roads,  <<  In  all  pave^ 
ments,  the  first  thing  to  be  attended  to  is  the  foundation.  This 
must  be  made  of  strong  and  uniform  materials,  well  rammed 
together,  and  accurately  formed  to  correspond  with  the  figure  of 
the  superincumbent  pavement.  This  has  nowhere  been  more 
^ectually  accomplished  than  in  some  lately  made  pavement  in 
Dublin.    Major  Taylor,  who  is  at  the  head  of  the  paving  board, 
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After  this  operation  is  accomplished,  the  next 
thing  to  be  attended  to  is  to  provide  proper 
paving-stones.  These  should  be  cut  into  a  rect- 
angular shape,  and  of  the  hardest  quality  that  can 
be  procured:  granite  is  the  best,  but  whinstone, 
some  descriptions  of  limestone,  and  freestone,  will 
answer  the  purpose. 

With  regard  to  the  size  of  the  stones,  that  should 
be  regulated  by  the  intercourse.*  The  streets 
should  be  divided  into  three  classes,  according  as 
the  thoroughfare  is  greater  or  less.  For  streets  of 
the  first  class,  or  greatest  thoroughfare,  the  stones 
should  be  ten  inches  in  depth,  from  ten  to  fifteen 
inches  in  length,  and  ftom  six  to  eight  inches  in 
breadth  on  the  face.  For  streets  of  the  second 
class,  the  stones  should  be  eight  inches  in  depth, 
from  eight  to  twelve  inches  in  length,  and  from 
five  to  seven  inches  in  breadth  on  the  face.  For 
streets  of  the  third  class,  the  stones  should  be  six 
inches  in  depth,  ftom  six  to  ten  inches  in  length, 
and  ftom  four  to  six  inches  in  breadth  on  the 
j&ce. 

After  having  prepared  a  proper  bottoming,  the 
greatest  care  must  then  be  bestowed  in  setting  the 
stones.     Fine  gravel  must  be  provided,  cleansed 


before  he  b^an  to  pave  a  street,  first  made  a  good  gravel  road, 
and  left  it  to  be  beaten  down  by  carriages  for  several  months : 
it  then  became  a  fit  foundation  for  a  good  pavement"  Page  SS. 
*  <'  In  France,  pavemoits  are  made  witii  stones  cut  with  the 
hammer,  of  seven  or  eight  inches  on  every  side,  like  so  many 
dice."  —  EneytkfjMie  de  finginiewry  vd.  i.  p.  S55. 
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from  all  earth,  to  form  a  bed  over  the  bottoming 
of  two  inches  thick  for  the  stones  to  be  set  in. 
Strong  mortar  must  also  be  provided ;  and,  besides 
the  common  tools,  each  pavior  should  have  a 
wooden  maul,  the  head  of  which  should  be  made 
of  beech  or  elm,  and  should  weigh  about  fourteen 
pounds.  The  stones  should  be  selected  so  that 
they  may  be  laid  in  even  courses,  and  so  as  to 
match,  as  nearly  as  possible,  in  each  course  with 
regard  to  breadth  and  depth. 

The  pavior  should  first  set  a  stone  on  the  gravel 
bed,  by  striking  it  strongly  downwards  with  the 
maul,  and  then  on  its  sides.  Then  he  should  lift 
it  out  of  its  berth,  and  put  mortar  on  the  sides  of 
the  two  adjoining  stones ;  after  which  he  should 
again  place  the  stone  in  its  berth,  and  strike  it  as 
hard  as  he  can,  downwards  and  sideways,  with  the 
maul,  till  it  is  fastended  in  the  position  in  which  it 
is  to  remain.  Each  stone  should  be  set  in  this 
manner;  and,  when  the  pavement  is  finished,  it 
will  be  so  firm  as  not  to  require  ramming.* 

The  crossings  for  foot-passengers  should  be 
raised  above  the  level  of  the  pavement,  by  giving 
a  moderate  convexity  to  the  bottoming.  They 
should  be  made  with  stones  of  the  size  for  streets 
of  the  first  class,  more  accurately  dressed. 

The  pavement  should  be  formed  with  a  regular, 
but  very  moderate,  convex  surface,  by  giving  the 
bed  for  it  the  convexity  already  mentioned :  there 

♦  See  Mr.  Telford's  Report  on  Pavements,  in  the  Appendix, 
No.  2.,  and  Mr.  James  Walker  s  observations  on  the  same  sub- 
ject, Appendix,  No.  3. 
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should  be  no  gutter  or  other  channel  but  that 
which  will  be  formed  by  the  angle  made  by  the 
surface  of  the  pavement  abutting  on  the  curb- 
stone. The  curb-stone  of  the  pavement  should  be 
made  of  long  blocks  of  stone,  of  a  quality  suffi- 
ciently hard  to  resist  the  shocks  of  wheels  striking 
it.  These  blocks  should  be  bedded  in  gravel,  and 
joined  with  cement:  they  should  be  sunk  four 
inches  at  least  into  the  ground,  and  should  be  six 
inches  above  the  pavement. 

The  foot  pavements  should  be  made  of  well- 
dressed  flags;  each  flag  to  have  its  sides  rectan- 
gular, and  to  be  set  in  mortar  with  a  very  close 
joint  upon  a  strong  gravel  bed  of  six  inches  in 
depth.  The  flagstones  should  be  at  least  two 
inches  and  a  half  thick :  the  surface  of  the  foot 
pavements  should  have  a  declivity  at  the  rate  of 
one  inch  in  ten  feet  towards  the  street 

In  those  towns  where  the  intercourse  of  foot- 
passengers  is  considerable,  the  greatest  possible 
breadth  should  be  given  to  the  foot  pavements. 
In  general,  this  important  accommodation  is  too 
much  neglected. 

In  making  a  contract  for  paving  a  street,  it 
should  be  so  arranged  that  the  work  shall  be  paid 
for  by  the  superficial  yard.  A  specification  should 
be  connected  with  the  contract,  requiring  that  the 
natural  soil  shall  be  removed  to  a  certain  depth, 
and  made  level ;  that  the  bottoming  shall  consist 
of  certain  prescribed  materials,  and  of  a  fixed  depth 
and  convexity,  and  be  laid  on  in  the  manner 
already  described  j  that  the  stones  shall  be  of  a 
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certain  shape,  and  size,  and  weight,  in  each  super- 
ficial yard ;  and  that  they  shall  be  set  in  a  regular 
manner. 

The  specification  should  also  provide  that  an 
inspector  shall  be  appointed  to  see  that  the  con- 
ditions of  the  contract  are  fulfilled. 

A  drawing  of  the  transverse  section  of  the  pro- 
posed pavement  should  be  made,  and  attached  to 
the  contract.  (See  Plate  III.,  Fig.  1.)  But,  be- 
sides these  precautions,  the  persons  who  have  the 
management  of  the  business  of  making  the  contract 
should  take  care  to  ascertain  the  sum  for  which  an 
honest  and  skilful  contractor  can  execute  the  work 
in  a  proper  manner.  This  is  necessary  in  order 
that  they  may  avoid  making  a  bargain  on  such 
terms  as  will  oblige  the  contractor  to  have  recourse 
to  inferior  materials  and  workmanship  to  save  him- 
self from  losing  money  by  his  undertaking.  It  is 
not,  by  any  means,  difficult  to  ascertain  exactly 
what  each  part  of  this  kind  of  work  will  cost,  and 
to  make  an  accurate  estimate  of  the  total  expense 
to  be  incurred. 

Such  an  estimate  ought  always  to  be  made  by  a 
competent  person  in  the  employment  of  the  com- 
missioners or  other  persons  who  have  to  manage 
contracts  for  pavements.  And  in  place  of  pro- 
moting an  indiscriminate  competition  for  the  pur- 
pose of  lowering  the  price,  without  regard  to  the 
quality  of  the  work  to  be  performed,  the  commis- 
sioners or  other  managers  ought  to  call  upon  a  few 
of  the  most  respectable  paving  contractors  for  pro- 
posals; and  give  the  contract  to  the  bidder  who 
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comes  nearest  to  the  estimate  of  their  own  oflScer. 
If  no  fair  tender  be  made,  recourse  may  then  be 
had  to  advertising  for  a  contract. 

With  respect  to  repairing  paved  streets,  this 
work  should  be  done  by  contract.  The  price  may 
be  fixed  by  the  superficial  yard ;  but  the  manner 
of  doing  the  work  should  be  minutely  described  in 
a  specification. 

Whenever  any  pavement  is  taken  up,  if  only  a 
few  stones,  there  ought  to  be  fresh  broken  stones 
provided  for  making  good  the  bottoming.  A 
principal  cause  of  the  bad  state  of  the  pavement  in 
London  is  tlie  neglect  of  timely  repair.  After  a 
pavement  is  newly  laid  it  is  usually  left  without 
any  repairs  until  it  is  in  a  ruinous  state ;  but,  in- 
stead of  this,  constant  attention  should  be  paid  to 
it,  and  as  soon  as  a  single  stone  gets  out  of  its  pro- 
per bearing  it  should  be  taken  up,  and  relaid  with 
new  bottoming.  In  case  of  breaking  up  the  pave- 
ment for  water  or  gas  pipes,  it  should  be  specified 
that  a  complete  bottoming  of  stones  should  be  first 
laid  down  over  the  pipes,  similar  in  every  respect 
to  that  provided  for  the  first  making  of  the  pave- 
ment. 

The  paving-stones  should  be  laid  on  loose  at 
first,  and  left  till  the  bottoming  is  consolidated, 
and  then  they  should  be  taken  up  and  carefuUy  set 
in  mortar. 

Paved  streets  have  been  objected  to  on  account 
of  the  noise  made  by  carriages  passing  over  them. 
The  noise  chiefly  arises  firom  the  boxes  of  the 
wheels  striking  the  arms  of  the  axletrees;  and. 
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therefore,  when  a  paved  street  is  exceedingly 
rough,  the  strokes  of  the  axles  are  frequent  and 
violent.  But  when  a  paved  street  is  properly 
made,  the  surface  of  it  will  be  comparatively 
smooth,  and  then  both  the  number  and  force  of 
the  strokes  of  the  axles  on  the  boxes,  and  conse- 
quently the  noise  made  by  carriages,  will  be  greatly 
reduced.  When  a  carriage  passes  from  a  rough  to 
a  well-made  pavement,  the  diBFerence  of  sound  is 
immediately  perceivable. 

It  is  supposed  by  some  persons  that  if  the  streets 
were  paved  in  the  way  proposed  their  surface  would 
be  too  smooth  for  horses  to  go  safely  over  them ; 
but  this  supposition  is  not  well  founded,  except 
when  that  kind  of  stone  is  used  which  becomes 
polished  by  wear. 

Scotch  granite  and  some  other  kinds  of  stone 
do  not  become  polished ;  and  therefore  pavements 
made  with  them  will  never  have  so  smooth  a  sur- 
face as  to  be  unfit  for  horses.  A  horse  properly 
shod  will  seldom  slip  on  a  pavement,  or  fall,  unless 
when  thrown  down  by  being  turned  too  short,  or 
other  careless  management. 

The  enormous  expense  which  has  been  incurred 
by  adopting  the  plan  of  broken  stone  streets  in 
London,  in  place  of  pavements,  is  fully  established 
by  the  following  return,  which  was  presented  to 
the  House  of  Commons  in  the  year  1827- 

By  this  return  it  appears  that  the  first  cost  of 
converting  1  mile  250  yards  from  a  pavement  into 
broken    stone   road  was   12,842/.,   and  that  the 
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annual  expense  of  maintaining  this  1  mile  250  yards 
has  been  4,003/.,  being  at  the  rate  of  Is.  9d.  per 
superficial  square  yard, 

"  M*Adam's  Roads  : 

"  Regent  Street^  Whitehall^  and  Palace  Yard 

Streets. 

"  Account  of  all  sums  expended  by  the  com- 
missioners acting  under  5  Geo.  IV.  c.  100.  and 
6  Geo.  IV.  c.  38.,  in  converting  Regent  Street, 
Whitehall,  and  Palace  Yard  Streets  into  broken 
stone  roads,  including  the  value  of  the  paving- 
stones  converted  into  broken  stones ;  also,  of  the 
expense  incurred  in  maintaining  these  roads  in 
repair,  including  scraping  and  watering,  and  all 
other  expenses  in  the  year  ending  5th  January 
1827;  and  showing  the  number  of  lineal  yards, 
and  of  superficial  square  yards,  in  the  Regent 
Street  District,  the  Whitehall  District,  and  Palace 
Yard  District ;  viz. 

**  The  cost  of  converting  Regent        £       s.   d. 
Street,    Whitehall,    and    Palace 
Yard  Streets  into  broken  stone 
roads  has  been        -         -         -    6,055     8     3 

"  And  the  value  of  the  old  pave- 
ment taken  up  and  broken  for 
that  purpose  is  estimated  at       -   6,787    7    0 

£12,842  15     3 
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"  The  cost  of  maintaining  these  roads       £      s.    d. 
in  repair,  including  scraping,  and 
every  expense,  except  watering, 
in  the  year  ended  5th  January 
1827,  was         .         -         .  -    4,003  18     4 

"  The  cost  of  watering  the  said  roads 
in  the  year  ended  5th  January 
1827,  was         .         ...       628  11     0 


£4,632    9    4 


"  The  extent  of  the  said  roads  is  as  under ; 
viz. 


R^pnt  Street  and  Waterloo  Place,  from 
Oxford  Street  to  Pall  MaU 

Whitehall,  from  Buckingham  Court  to 
Richmond  Terrace        ... 

Margaret  Street   and  Old    and   New 
Palace  Yards            ... 

Tardt 
Lineal. 

Yards 
Superficial. 

1,300 
450 
260 

24,401 

11,651 

9,199 

2,010 

45,251 

a 


A.  M.  Robertson, 


(Signed) 

**  Clerk  to  the  Commissioners  for  carrying 
into  execution  the  Acts  5  Geo.  IV. 
c  100.  and  6  Geo.  IV,  c  38. 


«  Office  of  Woods,  &c. 
SOth  April  1827." 
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The  following  is  a  copy  of  a  statement  which 
appeared  in  a  London  Morning  Paper  on  this 
subject: — 

"  Macadamisation. 

"  In  the  proceedings  taken  before  the  House  of 
Lords  on  the  11th  of  last  May,  several  witnesses 
gave  evidence  on  the  Westminster  Improvement 
Bill  as  to  the  comparative  expense  of  macadamising 
and  paving.  According  to  this  evidence,  there  is 
no  less  a  diflference  in  ten  years  than  2/.  on  every 
superficial  yard ;  a  yard  of  paving  for  that  time 
amounting  to  10^.  10(f.,  and  a  yard  of  macadamised 
road  for  the  same  period  costing  91. 10s.  lOd. 

**  Mr.  Johnson,  an  eminent  pavior  and  stone 
merchant,  stated  before  their  Lordships  that  he 
had  been  a  contractor  for  St.  George's,  St.  Ann's, 
St.  Giles's,  and  other  parishes,  and  for  some  parts 
of  the  city,  which  enabled  him  to  make  very 
accurate  calculations.  He  proved  that  the  very 
best  pavement  would  cost  IS*,  per  square  yard, 
which  would  require  no  repair  for  the  first  year 
certainly,  and  in  most  cases  would  cost  nothing  in 
repair  for  the  first  three  years ;  that  the  expense 
after  the  first  year  would  be  about  4rf.  per  yard  per 
annum  for  ten  years,  after  which  the  pavement  as 
laid  down  would  be  worth  8s.  per  yard  to  the 
parish ;  thereby  reducing  the  expense  of  a  square 
yard  of  pavement  in  ten  years  to  10*.  lOrf.,  as 
under : — 
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First  cost,  per  superficial  yard 
Ten  years'  repairs,  at  4rf. 
Ditto  cleansing,  at  3d. 

Deduct  value  of  old  stone 


s. 

d. 

13 

0 

3 

4 

2 

6 

18 

10 

8 

0 

10 

10 

Per  yard 


"  The  old  stone  might  last  twenty  years  longer ; 
but,  at  all  events,  would  be  worth  8^.  per  yard 
after  ten  years  wear.  That  statement  was  made 
on  a  calculation  of  using  the  very  best  material ; 
but  most  of  the  pavement  is  laid  down  at  from  7s. 
to  10^.  per  yard. 

"  A  macadamised,  or  broken  stone  road,  requires 
for  keeping  in  repair  the  first  year,  and  every  year 
after,  two  coats  of  three  inches  thick,  to  allow  for 
wear :  the  coating  costs  1  s.  9d.  each  yard :  the 
cleansing  and  scraping  cost  lOd.  each  yard,  as 
under :  — 


^ 

s. 

d. 

First  cost,  per 

superficial  yard 

- 

0 

7 

6 

Two  coatings. 

at  1^. 

9d.  each  per  yard. 

for  ten  yean 

s 

- 

- 

1 

15 

0 

Cleansing,   at 

lOrf. 

per  yard,  for 

ten 

years 

Per  yard 

- 

0 

8 

4 

2 

10 

10 

"  The  surveyor  to  the  Commissioners  of  West- 
minster Bridge  stated  that  the  expense  of  paving 
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and  keeping  in  repair  the  bridge  for  twenty-two 
years  (from  1802  to  1824)  was  3,494/.,  including 
1,165/.  for  new  pavement  in  the  first  year,  making 
an  annual  expense  of  159/*  About  two  years  ago 
the  bridge  was  macadamised,  and  the  year  after 
cost  1,507/.  125.  6d.  There  was  a  covering  ordered 
in  June  1825,  which  cost  I72/.  IO5.,  besides 
Mn  M*Adam's  annual  charge  of  300/.  The  sur- 
veyor  said  he  thought  it  now  required  another 
covering  like  that  of  last  year,  at  the  expense  of 
470/.  IO5.,  as  he  had  examined  the  road,  and  found 
the  broken  stones,  on  an  average,  not  more  than 
three  inches  thick.*' 

The  following  is  also  taken  from  a  London 
paper,  and  shows  what  was  the  result  of  converting 
the  pavement  over  Blackfriars*  Bridge  into  a  broken 
stone  roadway :  — 

Blackfriar^  Bridge. 

**  The  report  presented  to  the  Court  of  Common 
Council  last  week,  from  the  General  Pui'pose  Com- 
mittee, relative  to  Blackfriars*  Bridge,  stated,  that 
the  City  Surveyor  having  declared  Mr.  M*Adam 
had  completed  his  contract  for  macadamising  the 
same,  the  Committee  had  subsequently  employed 
him  to  keep  the  bridge  in  repair,  and  that  he  had 
since  delivered  in  a  bill  to  them  for  no  less  than 
473/.  odd,  for  such  repairs,  during  a  period  of  only 
eighteen  weeks.  The  Committee  further  stated, 
that  they  had  advertised  for  tenders  to  keep  the 
said  bridge  in  repair  for  twelve  months,  and  several 
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offers  had  been  made  them;  one  offering  to  do 
the  same  at  between  300/.  and  400/.,  while  a  second 
tender  was  so  high  as  900/.  In  fact,  it  appears 
that  the  traffic  over  this  bridge,  which  has  greatly 
increased  since  it  has  been  macadamised,  is  now 
to  that  amazing  extent,  that  the  new  granite  is 
ground  to  powder  almost  as  quickly  as  it  is  laid 
dovni.  It  being  thus  evident  that,  to  keep  it  in  a 
proper  state,  the  bridge  would  cost  1,000/.  per 
annum,  and  the  City  having  no  separate  funds  for 
that  purpose,  the  Committee  recommended  that  it 
should  be  repaved  on  its  present  surface,  on  an 
estimated  cost  of  1,500/. ;  the  expense  of  keeping 
which  in  repair  used  to  average  under  120/.  per  an- 
num. The  report  further  stated  that  Mr.  M*Adam 
offered,  at  the  time  of  the  alteration  being  effected, 
to  keep  the  bridge  in  repair  for  130/.  per  annum." 

In  streets  where  the  traflSc  is  very  great,  a  great 
saving  of  expense  might  be  effected  by  paving 
about  fifteen  or  twenty  feet  on  each  side,  and 
having  only  about  twenty  or  twenty-four  feet  of 
broken  stone  road  in  the  middle.  The  drivers  of 
heavily-laden  waggons  and  carts  would  walk  with 
more  security  on  the  sides  than  in  the  middle ;  and 
they  could,  therefore,  drive  their  waggons  and 
carts  on  the  pavement,  while  the  middle  would  be 
left  free  for  lighter  carriages. 

In  all  hot  climates  roads  should  be  paved,  be- 
cause neither  small  broken  stones  nor  gravel  will 
become  bound  together  in  a  solid  mass  without 
moisture. 
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ROADS  PARTLY  PAVED  AND  PARTLY  MADE  WITH 

BROKEN  STONES. 

To  make  a  road  of  this  kind,  sixteen  feet  of  the 
middle  should  be  perfectly  well  paved,  according 
to  the  rules  already  laid  down,  and  the  remainder 
of  it  on  each  side  of  the  pavement  should  be 
made  with  small  broken  stones.  The  advantages 
that  would  be  derived  from  such  a  road  would  be — 
1st,  to  save  the  labour  of  horses,  as  before  explained 
in  treating  of  pavements ;  and,  2dly,  to  diminish 
the  expense  of  repairs. 

If  a  road  of  this  description  be  constructed  with 
good  materials,  and  in  a  workmanlike  manner,  it 
will  require  but  a  moderate  expense  to  maintain  it 
in  excellent  order ;  but  constant  attention  will  be 
necessary  to  keep  the  part  where  the  pavement 
and  the  broken  stones  join  from  being  cut  into 
ruts. 

Whenever  the  traffic  of  a  road  is  so  great  as  to 
wear  down  three  inches  of  hard  broken  stones  in  a 
year,  the  middle  part  of  it  should  be  paved.  At 
this  rate  of  wear  half  a  cubic  yard  of  materials  will 
be  requisite  for  every  lineal  yard  of  eighteen  feet 
of  the  breadth  of  the  road.  This  will  make  the 
expense  of  new  stones  alone,  for  a  road  thirty-six 
feet  wide,  per  mile  per  annum,  (supposing  the 
cubic  yard  of  broken  stones  to  cost  twelve  shillings, ) 
amount  to  1,056/. 

As  it  has  been  already  shown  that  while  the 
tractive  force  on  a  good  pavement  is  S3  lbs.,  that 
upon  a  gravel  road  is  147  lbs.,  or,  in  other  words, 
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that  the  labour  of  horses  in  drawing  over  gravel 
roads  is  more  than  four  times  bs  great  as  it  is  in 
drawing  over  pavements,  it  ought  to  be  an  inva- 
riable rule,  in  those  districts  where  no  other  ma- 
terials can  be  procured  except  gravel,  to  use 
pavements  for  those  roads  on  which  there  is  a 
large  traffic.  Thus,  for  instance,  all  the  principal 
roads  from  London  to  the  stone  districts  ought  to 
be  paved.  If  the  pavements  were  perfectly  well 
made,  and  all  the  hills  reduced  to  inclinations  of 
1  in  40,  a  single  horse  would  be  able,  without  diffi- 
culty, to  draw  two  tons  weight  upon  them,  and  the 
present  charges  for  the  carriage  of  goods  and  mer- 
chandise might  be  reduced  one  half. 

The  following  remarks  of  Mr.  Telford  on  roads 
paved  in  the  middle  are  taken  from  his  first  annual 
report  on  the  Holyhead  Road,  dated  6th  May 
1824,  p.  7  ;— 

"  As  there  is  an  ascent  the  whole  way  from 
London  to  the  Archway  road,  it  is  particularly 
desirable  to  have  the  road  surface  as  hard  as  pos- 
sible. Flints  are  much  too  weak.  What  has  been 
done  for  improving  the  Kensington  road  suggests 
a  proper  remedy,  and  the  complete  success  of  this 
experiment  fiilly  justifies  the  same  plan  being 
adopted  on  this  trust*     I  am  fully  aware  of  the 

*  At  the  time  when  this  was  written  a  considerable  portion 
of  the  old  pavement  remained.  It  had  been  laid  down  upwards 
of  thirty  years,  had  cost  very  little  in  repurs ;  and  the  complete 
snocess  of  the  experiment,  on  a  road  formerly  so  bad,  and  on 
one  of  such  great  traffic,  was  fully  acknowledged  by  all  scientific 
road-makers.  But  as  soon  as  the  Metropolis  Road  Commissioners 
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strong  prejudice  against  paved  roads ;  but  these 
prejudices  have  been  created  by  the  total  want  of 
skill  in  paving  the  streets  of  London,  and  their 
present  very  imperfect  state.  But  if  the  middle 
sixteen  feet  in  breadth  of  the  present  road  were 
made  use  of  as  a  foundation  for  a  well-constructed 
pavement  of  stones  of  a  moderate  size,  and  of  a 
cubical  shape,  with  square  joints,  no  road  would 
be  fitter  for  heavily-loaded  carriages :  the  rough 
&ces  of  the  stones  give  a  degree  of  action  to  the 
springs  that  eases  the  drail,  while  the  perfect  hard- 
ness permits  carriages  to  move  forward  with  a 
slight  exertion  by  the  horses.  Along  each  side  of 
the  middle  part  there  may  be  a  roadway,  twelve 
feet  in  width,  made  with  broken  stones  of  a  durable 
quality.  These  side  roads  would  answer  for  the 
Hghti  description  «f  carri^  and  riding-horses. 
The  whole  breadth  of  tlie  road,  exclusive  of  foot- 
paths, would,  according  to  this  plan,  be  ^Acty  feet.  U 
This  appears  to  combine  all  the  requisites  for  roads 
in  the  vicinity  of  a  great  city."  (See  Plate  III. 
Fig.  2.) 

A  ROAD  WITH  A  FOUNDATION  OF  PAVEMENT  AND 
A  SURFACE  OF  BROKEN  STONES. 

The  following  specification  of  the  manner  of 
constructing  a  road  of  this  kind  of  thirty  feet  in 

got  the  management  of  this  road,  they  began  to  remove  the 
pavement,  and  to  substitute  broken  stones  for  it;  and  thus, 
without  being  conscious  of  it,  they  have  destroyed  tiie  most 
perfect  piece  of  turnpike  road  in  England. 
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width,  is  taken  from  a  contract  for  making  a  part 
of  the  Holyhead  Road :  — 

"  Upon  the  level  bed  prepared  for  the  road  ma- 
terials, a  bottom  course  or  layer  of  stones  is  to  be 
set  by  hand  in  form  of  a  close  firm  pavement :  the 
stones  set  in  the  middle  of  the  road  are  to  be  seven 
inches  in  depth ;  at  nine  feet  from  the  centre,  five 
inches;  at  twelve  from  the  centre,  four  inches; 
and  at  fifteen  feet,  three  inches.  They  are  to  be 
set  on  their  broadest  edges  lengthwise  across  the 
road,  and  the  breadth  of  the  upper  edge  is  not  to 
exceed  four  inches  in  any  case.  All  the  irregu- 
larities of  the  upper  part  of  the  said  pavement  are 
to  be  broken  off  by  the  hammer,  and  all  the  inter- 
stices to  be  filled  with  stone  chips  firmly  wedged 
or  packed  by  hand  with  a  light  hammer ;  so  that 
when  the  whole  pavement  is  finished,  there  shall 
be  a  convexity  of  four  inches  in  the  breadth  of 
fifteen  feet  from  the  centre. 

"  The  middle  eighteen  feet  of  pavemwit  is  to 
be  coated  with  hard  stones  to  the  depth  of  six 
inches.  Four  of  these  six  inches  to  be  first  put 
on,  and  worked  in  by  carriages  and  horses ;  care 
being  taken  to  rake  in  the  ruts  until  the  sur&ce 
becomes  firm  and  consolidated,  after  which  the 
remaining  two  inches  are  to  be  put  on. 

"  The  whole  of  this  stone  is  to  be  broken  into 
pieces  as  nearly  cubical  as  possible,  so  that  the 
largest  piece,  in  its  longest  dimensions,  may  pass 
through  a  ring  of  two  inches  and  a  half  inside 
diameter.  The  paved  spaces  on  each  side  of  the 
eighteen  middle  feet  are  to  be  coated  with  broken 
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stones,  or  well-cleansed  strong  gravel,  up  to  the 
footpath  or  other  boundary  of  the  road,  so  as  to 
make  the  whole  convexity  of  the  road  six  inches 
from  the  centre  to  the  sides  of  it;  and  the  whole 
of  the  materials  are  to  be  covered  with  a  binding  of 
an  inch  and  a  half  in  depth  of  good  gravel,  free 
from  clay  or  earth."    (See  Plate  III.  Fig.  3.) 

The  work  of  setting  the  paving-stones  must  be 
executed  with  the  greatest  care,  and  strictly  ac- 
cording to  the  foregoing  directions:  when  the 
work  is  properly  executed,  no  stone  can  move. 

If  the  work  is  executed  by  contract,  the  in- 
spector should  see  all  the  operations  as  they  are 
going  on.  He  should  walk  over  the  pavement 
when  it  is  completed,  and  try  whether  the  stones 
are  firmly  fixed;  and  he  should  not  allow  any 
broken  stones  to  be  laid  on  over  the  pavement  till 
it  has  undergone  an  examination  of  this  kind. 

In  breaking  stones,  the  workmen  should  be  re- 
quired to  break  them  as  nearly  cubical  as  possible. 
When  this  rule  is  not  attended  to,  a  great  quantity 
of  materials  is  wasted  by  first  splitting  the  stones  into 
thin  slices,  and  then  breaking  them  into  pieces  that 
are  too  small,  and  too  thin.  If  the  stones  or  top 
metal  are  not  broken  very  small,  the  proper  degree 
of  smoothness  of  surface  will  not  be  obtained. 

When  stones  are  very  hard,  they  never  make  a 
very  smooth  surface.  Limestone  will  make  a  much 
smoother  surface  than  whinstone  and  other  harder 
stones,  but  they  should  not  for  this  reason  be 
preferred  to  harder  stones;  for  these  will  wear 
longest,  carriages  will  run  lighter  over  them,  and 
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the  expense  for  scraping  and  repairing  will  be  less. 
All  the  soft  kinds  of  stones  make  heavy  roads  in 
wet  weather;  and  in  dry  weather  there  wiU  be 
more  friction  upon  roads  made  with  them,  because 
there  will  be  more  dust  on  their  surface. 

The  breadth  of  the  road  which  has  been  de- 
scribed in  the  foregoing  specification  of  thirty  feet, 
is  recommended  as  fully  sufficient  for  any  road, 
except  a  road  forming  the  approach  to  a  very 
populous  city.  The  confining  of  a  road  to  this 
breadth  contributes  very  much  to  preserve  the 
whole  surface  of  it,  from  side  to  side,  in  a  good 
state,  and  to  diminish  expense.  For  when  a  road 
is  of  greater  breadth,  the  scraping  and  repairing  of 
the  excess  beyond  thirty  feet  costs  annually  a  con- 
siderable sum.  Mr.  Telford  says,  on  this  point,  in 
his  second  annual  report  on  the  Holyhead  Road, 
dated  17th  June  1825  :— "  He''  (the  surveyor  of 
the  Stonebridge  and  Birmingham  Road)  "  seems  to 
be  still  too  much  disposed  to  prefer  a  road  of  a 
greater  breadth  than  that  recommended  by  me,  of 
thirty  feet :  he  should  reflect,  that  every  yard  in 
breadth  makes  1,760  superficial  yards  to  be  kept  in 
good  order  in  a  mile,  and  therefore  that  a  road  of 
thirty-nine  feet  wide  has  5,280  superficial  yards  to 
be  coated  with  materials,  and  kept  clean,  more  than 
a  road  of  thirty  feet  wide.  The  additional  expense 
of  the  vnder  road  may  be  set  down  at  15/.  a  mile, 
and  this  rate  for  ten  miles  will  make  on  his  road  an 
extra  expenditure  of  150/.  a  year.'* 

With  respect  to  the  convexity  of  a  road,  it  should 
be   so  arranged  that  it  should  be  slight  in  the 

K   4 


136  A    TREATISE    ON    ROADS. 

middle.  In  giving  a  convexity  of  six  inches  to  a 
road  of  thirty  feet  in  breadth,  the  convexity  at  four 
feet  from  the  centre  should  be  half  an  inch ;  at 
nine  feet,  two  inches ;  and  at  fifteen  feet,  six  inches. 
This  will  give  the  form  of  a  flat  ellipsis. 

The  binding,  which  in  the  foregoing  specification 
is  required  to  be  laid  on  a  new  made  road,  is  by  no 
means  of  use  to  the  road,  but,  on  the  contrary,  in- 
jurious to  it.  It  is,  however,  unavoidable  when  a 
long  piece  of  new  road  is  to  be  opened ;  for,  with- 
out it,  the  wheels,  by  sinking  into  the  new  ma- 
terials, would  make  the  draught  of  the  carriages 
much  too  heavy  for  the  horses.  This  binding,  by 
sinking  between  the  stones,  diminishes  the  absolute 
solidity  of  the  surface  of  the  road,  lets  in  water  and 
frost,  and  contributes  to  prevent  the  complete  con- 
solidation of  the  mass  of  broken  stones. 

If  the  plan  here  laid  down  for  constructing  a 
road  be  faithfully  executed,  it  will  secure  all  the 
objects  that  can  be  required.  From  the  moment 
it  is  first  opened,  it  becomes  daily  harder  and 
smoother,  and  very  soon  consolidates  into  as  hard 
a  mass  as  can  be  obtained  by  the  use  of  broken 
stones.  The  subsoil  of  the  road  cannot  get  into  a 
state  of  puddle,  and  rise  up  and  mix  with  the  sur- 
face  materials,  and  thus  produce  those  quagmires 
and  deep  ruts  that  are  met  with  every  winter  on 
roads  made  in  the  usual  way. 

Although  the  expense  of  constructing  a  road  on 
this  plan  may  seem  to  be  great,  on  an  average  of 
five  years,  the  joint  expense  of  constructing  and 
repairing  such  a  road  will  be  much  less  than  that 
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of  constructing  and  repairing  a  road  made  by  put- 
ting the  surface  materials  on  the  natural  soil,  with* 
out  a  paved  foundation ;  for,  in  point  of  fact,  such 
a  road  has  usually  to  be  nearly  new  made  every 
year  for  some  years  after  it  is  first  opened.* 

This  method  of  making  roads  with  a  foundation 
of  pavement  is  described  in  French  works  on  roads* 
The  following  is  taken  from  the  Encyclopedie  de 
VlngenieuTj  vol.  i.  page  356 :  — 

"  The  first  course  of  stones  are  to  be  from  ten  to 
twelve  inches  long,  and  nine  inches  deep.  These 
are  to  be  set  by  the  hand  on  the  bed  of  the  road, 

*  The  superiority  of  roads  made  with  a  strong  foundation 
has  the  testimony  of  those  who  practically  can  give  the  best 
opinion  on  the  subject,  namely,  stage  coachmen.  The  following 
certificate,  signed  by  forty-three  coachmen  at  Bath  and  Bristol, 
was  laid  before  the  Committee  on  Turnpike  Roads  of  the 
Session  of  1836: — ''We,  the  undersigned,  having  been  daily 
or  occasionally,  during  the  last  nine  years,  in  the  habit  of 
driving  public  stage  coaches  over  the  roads  leading  to  and  from 
the  cities  of  Bath  and  Bristol,  do  severally  declare,  as  our 
opinions,  that  the  plan  which  has  been  during  that  time  pur- 
sued on  the  Bath  turnpike  roads,  of  making  and  keeping  a 
strong  foundation  or  bottom  of  large  stones,  of  la3ring  on  at 
once  thick  coatings  of  small  stones  thereon,  and  of  generally 
preserving  a  great  degree  of  strength,  renders  those  roads  much 
harder,  sounder,  and  easier  of  draught  than  the  Bristol  roads, 
where,  a  very  different  plan  having  been  followed,  the  roads  are 
consequently  in  general  weak,  unsound,  and  more  distressing  to 
horses  drawing  carriages;  and  we  therefore  think,  that  any 
change  of  plan  on  the  Bath  trust  would  be  injurious  to  the 
roads  and  the  public" 

This  certificate  was  not  laid  before  the  House  of  Commons 
by  the  Committee.  It  was  produced  by  Mr.  Wingrove  in  sup- 
port of  his  method  of  managing  the  Bath  roads. 
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with  their  broadest  faces  down  and  their  pointed 
ends  upwards :  the  interstices  are  to  be  filled  with 
stone  chips.  The  upper  course  of  stones  is  to  be 
of  the  hardest  kind,  broken  to  the  size  of  an  inch 
cube,  on  a  large  stone,  as  an  anvil. 

"  This  course  is  to  be  nine  inches  in  thickness, 
so  that  the  whole  thickness  of  the  two  courses  will 
be  eighteen  inches.'* 

The  bed  of  pavement,  for  the  whole  width  of 
the  road,  may,  in  some  instances,  be  too  expensive, 
in  consequence  of  the  diflSculty  of  procuring  proper 
stone. 

In  such  instances  it  may  be  expedient  to  have 
only  the  eighteen  middle  feet  of  the  carriage  way 
with  a  foundation  of  pavement.  (See  Plate  III. 
fig.  4.) 

In  a  district  of  country  where  any  coarse  sort  of 
stone  can  be  got  for  making  a  pavement,  it  will  be 
cheaper  to  make  a  road  with  a  pavement  and  six 
inches  of  broken  stones  than  with  ten  inches  of 
broken  stones  without  a  pavement. 

The  following  observations  on  the  expediency  of 
making  a  paved  foundation  for  a  road  is  taken  from 
a  Report  of  Mr.  W.  A.  Provis,  assistant  engineer 
to  Mr.  Telford,  under  whose  immediate  direction 
all  the  works  on  the  Holyhead  Road,  in  North 
Wales,  were  constructed : — 

"  The  pitching  or  paving  the  bottom  of  a  road 
is  a  subject  which  has  often  been  discussed,  and, 
though  generally  approved  of  by  scientific  men, 
has  met  with  some  decided  opponents. 

"  On  the  old  part  of  the  Shrewsbury  and  Holy- 
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head  Road,  which  extends  from  Gobowen  to  Os- 
westry, as  well  as  in  some  other  places,  the  foundar 
tion  of  the  road  had  been  paved,  but  hi  an 
irregular  and  promiscuous  manner,  some  of  the 
stones  standing  near  a  foot  above  others^  and  in 
some  places  holes  were  left  without  any  stones. 
Upon  this  a  coat  of  gravel  had  been  laid,  and 
necessarily  of  very  unequal  thickness,  some  of  the 
points  of  the  stones  being  scarcely  covered. 

"  This  road  having  afterwards  been  much 
neglected,  the  upper  gravel,  where  thin,  was  worn 
quite  away,  or  else  forced  from  its  bed  by  being  in 
so  thin  a  coat  that  it  could  not  bind,  and  the  road's 
surface  was  thereby  made  a  continued  succession 
of  hard  lumps  and  hollows,  with  water  standing  in 
every  hole  after  a  shower,  and  no  means  of  getting 
off  but  by  soaking  through  the  road. 

"  Any  stranger,  on  passing  over  such  a  road, 
would  condemn  the  principle  on  which  it  was 
made.  But  here  seems  to  be  the  great  error, — 
that  the  principle  is  condemned,  instead  of  the 
abuse  of  it.  When  the  paving  is  put  down  care- 
fully by  hand,  of  equal  or  regular  height,  with  no 
large  smooth-faced  stones  for  the  upper  stratum  to 
slide  upon,  and  the  whole  pinned  so  that  no  stone 
can  move,  I  have  no  hesitation  in  saying  that  in 
many  cases  it  is  highly  beneficial,  and  in  none 
detrimental.  Whenever  the  natural  soil  is  clay,  or 
retentive  of  water,  the  pavement  acts  as  an  under 
drain  to  carry  off  any  water  that  may  pass  through 
the  surface  of  the  road.     The  component  stones  of 
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the  pavement,  having  broader  bases  to  stand  upon 
than  those  that  are  broken  small,  are  not  so  liable 
to  be  pressed  into  the  earth  below,  particularly 
where  the  soil  is  soft.  The  expense  of  setting  this 
pavement  is  less  than  one  fourth  of  that  of  break- 
ing an  equal  depth  of  stones  to  the  size  generally 
used  for  upper  coating ;  and  therefore,  in  point  of 
economy,  it  has  also  a  material  advantage. 

"  Mr.  Telford  in  all  cases  recommends  this 
paving ;  and  the  opinion  of  a  man  of  such  expe- 
rience cannot  be  treated  slightly.  He  has  made 
more  miles  of  new  road  than  any  engineer  in  the 
kingdom ;  and  having  myself  studied  for  nearly 
fifteen  years  in  his  school,  and  made  a  considerable 
extent  of  road  under  his  direction,  I  may  venture 
to  say  that  his  practice  is  not  unsupported  by 
experience. 

'*  I  should  not  have  said  so  much  on  this  subject, 
but  from  the  circumstance  of  other  road  improvers 
having  asserted  that  paving  was  useless;  and  I 
think  that  assertions  on  one  side  should  be  met 
with  firmness  on  the  other,  whenever  an  important 
principle  is  attacked,  the  correctness  of  which  can 
be  established  by  reasoning  and  by  facts. 

"  Whenever  any  new  piece  of  road  has  been 
made,  I  have  taken  care  that  a  good  bottoming 
should  first  be  put  under  the  broken  stones,  be- 
cause I  am  satisfied  that  it  makes  the  road  more 
substantial,  and  is  also  less  expensive.  Some  of 
the  new  road  made  on  this  principle  by  the  com- 
missioners under  the  act  of  55  Geo.  III.  has  now 


DIFFERENT  MODES  OF  CONSTRUCTION.         141 

been  travelled  upon  for  four  years,  and  its  present 
perfect  state,  I  have  no  doubt,  is  owing  to  the  firm 
foundation  which  was  laid  under  the  broken  stones. 
I  must  refer  to  my  last  report  for  further  par- 
ticulars of  its  advantage ;  but  as  I  did  not  then 
notice  the  comparative  expense  of  the  two  modes 
of  road-making,  it  is  proper  to  state  it  here,  in 
order  to  justify  the  course  I  have  adopted. 

"  Supposing  the  materials  are  stone,  to  be  quar- 
ried,  and  carted  say  a  quarter  of  a  mile  on  an 
average;  that  the  stoning  shall  be  in  both  cases 
sixteen  feet  wide ;  that,  by  Mr.  Telford's  mode, 
the  bottoming  shall  be  seven  inches  thick  in  the 
middle,  and  five  inches  at  the  sides,  and  the  broken 
stones  six  inches  in  uniform  thickness ;  and  that  by 
the  other  mode  there  shall  be  no  bottoming,  but 
ten  inches  in  depth  of  broken  stones : 

**  The  expense  of  a  lineal  yard  on  Mr.  Telford's 
principle  will  be  as  follows :  — 

s.  d. 

Quarrying  If  cubic  yards  of  stone  (mea- 
sured on  the  road),  at  1^.  8rf.        -        -     2  11 

Carrying  If  ditto  ^  mile  on  an  average, 

at  6rf. 0  10^ 

Setting  the  bottom  -         -        -        -    0    2 

Breaking  the  top  6  inches  -g-  cube  yard,  at 

Is.  6d.      -  -  .---14 


5     3^ 


"  The  expense  of  a  lineal  yard  without  bottom- 
ing would  be,  — 
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Quarrying  and  carrying  i  of  the  above 
quantity  of  if  cubic  yards  of  stone        -     3     2 

Breaking  10  inches  in  depth  1^  yards,  at 

Is.Gd. 2     3 


5     5 


"  But  if  there  were  plenty  of  loose  stones  to  be 
had  without  quarrying,  which  is  very  often  the 
case,  the  expense  per  yard,  with  bottoming,  would 

be, — 

s.  d. 

Carriage  of  If  cubic  yards  -  -    0  10^ 

Setting  the  bottom  and  breaking  the  top 

as  before  -  -  -  -     1     6 


2     H 


"  Without  the  bottoming  it  would  be, — 

s.   d. 
Carriage  of  4^,  the  last-mentioned  quantity    0     8^ 
Breaking  10  inches  as  before  -  -     2    3 
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"  The  first  of  these  cases  shows  a  saving  of  l^rf. 
and  the  latter  of  Jd.  per  lineal  yard  in  favour  of 
the  bottomed  road,  a  saving  which  of  itself  would 
not  weigh  much ;  but,  as  the  bottomed  road  is  the 
most  substantial  and  durable,  it  adds  one  more 
to  its  other  advantages.** 

The  following  extracts  from  the  examinations 
before  the  committee  of  the  House  of  Commons  of 
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the  session  of  1836  furnish  a  strong  corroboration 
of  the  accuracy  of  the  foregoing  statements,  relative 
both  to  the  utility  and  the  expense  of  making  a 
paved  foundation  for  a  road. 

Extracts  from  the  Examination  of  Mr.  Wingrove, 
who  has  acted  for  upwards  of  twenty  years  as 
the  Surveyor  of  the  Turnpike  Roads  in  the 
neighbourhood  of  Bath^  Taunton^  and  other 
populous  towns.* 

"  When  you  speak  of  bottoming  will  you  explain 
what  you  mean  ? — I  mean  taking  out  the  bottom, 
and  laying  in  a  pitching  or  paving,  on  the  plan  laid 
down  by  Mr.  Telford.  I  have  always  thought 
Mr.  Telford's  mode  of  improving  roads  was  the 
best ;  in  short,  his  opinions  have  ever  been  my 
guide.  I  obtained  the  Holyhead  Road  reports, 
and  in  all  my  proceedings  the  principles  of  road- 
making  and  management  developed  in  those  reports 
have  been  my  guide. 

"  In  point  of  practice,  have  you  been  induced  to 
continue  to  act  on  that  because  you  have  not  found 
other  plans  succeed  ? — Yes,  from  a  conviction  of 
the  superiority  of  Mr.  Telford's  plan,  both  from 
observation  and  experience.  I  am  satisfied  that  a 
road  bottomed  on  the  plan  laid  down  by  Mr.  Tel- 
ford may  be  repaired  at  full  15  to  20,  or  25  per 
cent,  less  than  the  road  where  the  broken  stones 
are  cast  or  laid  down  loose,  without  any  prepared 
bottom.  A  great  deal  depends  on  the  subsoil 
certainly,  but  even  over  a  rock  I  prefer  laying 

*  The  examinations  of  Mr.  John  Provis,  Mr.  John  Macneillj 
and  Dr.  Lardner,  are  given, in  Appendix,  No.  V. 
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down  a  pavement,  if  the  rock  is  uneven  in  its 
nature.    Where  you  lay  it,  you  make  a  clear  floor. 

"  Now,  in  making  tfie  bottom  you  speak  of,  of 
what  thickness  do  you  make  it? — According  to 
circumstances.  If  the  road  is  one  of  great  traffic, 
of  course  I  make  it  rather  thicker  ;  if  it  is  one  of 
slight  traffic,  I  make  it  lighter. 

"  How  many  inches  should  you  say  ? — I  should 
say  the  bottom  should  be  from  five  to  seven  inches. 

"  Of  loose  stones  or  pavement? — I  merely  take 
inferior  stone ;  I  do  not  take  superior  stones  for 
the  bottom,  but  the  common  brash,  or  freestone 
brash ;  and  in  a  chalk  soil,  where  there  is  no  brash 

stone  to  be  had,  I  take  pieces  of  chalk  and  hand-lay 
them,  so  as  to  secure  an  equal  bottom. 

•*  Is  six  inches  the  average  width  ? — From  five 
to  seven  inches,  according  to  the  wear  and  tear  of 
the  road. 

"  What  do  you  put  on  the  top  of  that  ?  —  That 
again  would  depend  on  the  quality  of  the  material. 

**  Suppose  a  road  of  very  great  traffic  ?-^-In  a 
road  of  great  traffic  I  would  put  firom  six  to  eight 
inches  above  for  the  surface,  and  in  some  places, 
where  the  surface  materials  are  of  very  inferior 
quality,  even  more. 

"  And  your  rough  foundation,  do  you  throw  that 
in  indiscriminately  or  pave  it  ? — We  hand-lay  it ; 
that  is,  pave  it. 

"  Now,  in  your  experience  from  having  made 
roads  with  broken  stone  upon  a  paved  bottom,  have 
you  found  the  upper  stratum  of  stone  crushed  in 
the  way  that  has  been  supposed  ? — ^No ;    on  the 
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contrary,  they  combine  together  and  form  a  regular 
surface ;  whereas,  if  on  a  soft  bottom,  it  is  con- 
stantly liable  to  sink  in  one  part  and  rise  in  another, 
particularly  if  it  is  a  clay  soil.  There  is  a  new 
piece  of  road  lately  made  in  my  neighbourhood,  of 
nine  or  ten  miles  in  length  :  a  great  part  of  it  was 
laid  down  upon  clay,  and  not  only  upon  the  solid 
clay,  but  even  where  they  have  filled  up  with  a  softer 
substratum;  and  the  consequence  was,  that  this 
winter  there  was  not  a  heavy  carriage  that  could  go 
over  it.  I  myself  rode  behind  a  loaded  cart  one 
day,  and  the  cart  at  almost  every  step  sunk  into  a 
hole.  The  clay  rises  up  and  displaces  the  surface, 
and  they  again  cover  that  over  with  a  layer  of  small 
stones ;  after  a  short  time  the  clay  rises  again  ;  they 
lay  on  fresh  stones,  and  so  they  go  on.  There  is  a 
piece  of  road  also  between  Glastonbury  and  Street, 
which  was  laid  down  fifteen  years  ago,  and  when  I 
saw  it  making,  I  observed  to  the  man  who  was  at 
work  upon  it,  that  it  was  a  very  expensive  operation, 
and  if  he  would  look  at  it  in  the  course  of  a  few 
years,  he  would  find  that  he  would  have  to  put  on 
as  much  stone  again.  I  believe  there  is  two  feet 
of  solid  material  upon  that  road,  and  yet  in  the 
winter  it  is  as  soft  as  a  cushion,  fi-om  the  want  of  a 
sufficient  bottom. 

"  You  have  stated  you  would  make  your  upper 
stratum  of  from  6  to  10  inches  thick? — Yes ;  ac- 
cording to  the  quality  of  the  material  and  the  usual 
traffic  of  the  road. 

"  In  your  experience,  with  such  a  stratum,  have 
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you  ever  known  the  stones  crushed? — No;   the 
road  is  always  more  lasting  than  any  other. 

"  Have  you  found  the  road  crushed  from  heavy 
weights  ?  —  Not  at  all.  We  have  lately  completed 
a  small  piece  of  road  near  Bradford,  which  was 
bottomed  in  that  way ;  it  was  upon  a  clay  soil,  and 
I  threw  a  little  gravel  over  the  clay  where  it  was  a 
solid  bed ;  and  on  a  part  where  we  have  raised  the 
road  above  15  feet,  as  it  was  an  object  to  get  it 
open  as  soon  as  possible,  I  laid  a  quantity  of  furze 
on  the  loose  or  artificial  soil,  and  paved  upon  the 
furze,  putting  a  little  of  the  old  gravel,  which 
came  out  of  the  original  road,  with  a  very  little 
stone  on  the  surface,  and  the  road  now  stands 
perfectly  well,  though  subjected  to  much  heavy 
wear  immediately  after  it  was  laid  down,  and  it 
has  now  all  the  appearance  of  a  sound  smooth 
road. 

"  How  much  longer  would  a  road  of  this  sort  wear 
as  compared  with  a  road  made  of  broken  granite 
without  bottoming  ?  —  I  should  say  from  my  own 
experience,  where  I  have  bottomed  a  road  in  that 
way,  I  have  found  that  one  coating  has  lasted  out 
one  and  a  half  upon  an  adjoining  road  which  had 
not  been  so  bottomed. 

**  Is  it,  upon  the  whole,  your  opinion  that,  where 
there  are  plenty  of  stones,  it  is  cheaper  to  make  a 
road  with  six  or  seven  inches  of  pavement,  and  six 
inches  of  broken  stone,  than  to  make  a  road  with 
ten  inches  of  broken  stone  without  a  pavement  ? — 
I  should  say  a  road  with  a  pavement  of  six  inches 
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at  the  bott6m,  and  six  inches  of  broken  stone  above, 
is  considerably  cheaper  in  the  end. 

"  Is  it  dearer  at  first  ?  —  It  is  not  much  dearer 
at  first :  if  the  bottom  is  five  inches  thick,  we  save 
the  breaking  of  that,  and  the  difference  in  the 
breaking  of  that  will  be  almost,  if  not  quite,  equal 
to  the  hand-la)dng  of  pavement. 

"  Then  it  is  about  the  same  expense? — Yes; 
we  get  pavement  laid  at  a  halfpenny  the  square 
yard. 

"  And  you  use  any  kind  of  stone? — Yes. 

"  Any  shaped  ston^,  so  that  it  is  not  too  large  ? — 
Yes ;  the  best  form  we  can  get 

''  Do  you  ever  find  these  paving-stones  rise  up 
to  the  sinrface  of  the  road  ?  —  Never,  if  they  are 
properly  laid  down. 

"  Are  you  prepared  to  state  that  the  expense  of 
la}dng  down  this  paved  road  by  hand,  and  the 
double  expense  of  the  materials,  is  not  much  more 
than  the  ordinary  mode  of  laying  down  nine  inches 
of  broken  stone  upon  the  surface  of  the  road  as 
commonly  prepared? — There  is  not  a  double  ex- 
pense of  materials ;  nine  inches  of  broken  stone  is 
not  sufficient  to  form  a  new  road.  The  materials 
for  the  bottom  are  six  inches  deep,  but  that  six 
inches  in  depth  does  not  require  so  much  breaking 
as  six  inches  of  broken  stone  would ;  then  upon 
that  I  put  six  inches  of  surface  in  ordinary  cases, 
and  in  extreme  cases  from  nine  to  ten  inches ;  that 
makes  twelve  inches  of  stone  in  ordinary  cases; 
six  broken  and  six  not  broken,  instead  of  nine 
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inches  of  broken  stone ;  and  what  we  save  m 
breaking  we  do  not  lose  in  materials ;  and  the 
expense  of  hand-laying  is  very  trifling." 

Extract  from  the  Examination  of  Mr.  Thomas 
Pensony  surveyor  of  the  Montgomery  district 
of  roads f  who  has  350  miles  of  turnpike  roads 
under  his  immediate  management. 

"  Will  you  be  kind  enough  to  describe  accu- 
rately your  diflTerent  modes  of  forming  these  roads. 
As  you  have  130  miles  now  in  progress,  and  as  it 
depends  on  locality,  you  of  course  adopt  various 
modes  of  forming  these  roads  in  various  parts ;  will 
you  describe  them  shortly  ? — Where  the  material 
is  of  that  description  that  is  suitable  for  pavement, 
and  can  be  obtained  close  upon  the  spot,  I  lay 
down  a  close  pavement  of  stone,  with  the  square 
sides  down,  and  fill  up  the  interstices  upon  the 
upper  surface  with  the  chippings  of  broken  stone, 
so  as  to  form  a  foundation  of  seven  inches  thick  in 
the  middle,  by  four  or  five  inches  thick  on  the 
sides,  for  the  whole  width  between  the  fences. 
The  centre  of  the  roadway,  so  fiu:  as  is  suflSciently 
wide  for  the  traffic,  is  coated  with  stone,  broken  so 
as  to  press  on  its  largest  dimension  through  a  ring 
of  two  inches  and  a  half  in  diameter  for  seven 
inches  thick,  and  the  space  between  this  metalling 
and  the  fences  or  paths  coated  with  stone  of  the 
same  description,  but  not  so  well  prepared.  In 
places  where  no  material  of  a  fit  description  for  a 
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pavement  can  be  obtained  conveniently,  after  hav- 
ing formed  a  substratum,  that  is,  brought  the  sur- 
face to  a  proper  state  and  proper  convexity,  I 
cover  it  with  broken  stones  of  a  uniform  size,  to 
the  depth  of  twelve  inches ;  but  not  in  one  larger. 
I  do  not  put  the  whole  body  of  stone  at  once  in 
either  case. 

"  From  your  experience,  having  practised  both, 
which  mode  of  making  a  road  do  you  consider  the 
best,  the  pavement  which  you  spoke  of  or  the 
broken  stone  ? — I  consider,  with  reference  to  future 
repairs,  to  the  solidity  of  the  road,  and  to  its  drain- 
age, that  a  pavement  laid  as  a  foundation  is  an 
advantageous  mode,  and  ultimately  will  produce  a 
saving  in  repairs,  where  materials  can  be  had  suit- 
able to  the  purpose. 

"  Will  you  explain  what  you  mean  by  a  pave- 
ment?— A  foundation  of  stone  is  laid  with  its 
square  side  downwards,  which  I  consider  a  very 
material  part  of  the  practical  arrangement  of  that 
system. 

**  Do  you  not  find  a  disposition  in  the  large 
stones  which  are  placed  at  the  bottom  to  shake  up 
to  the  top  ? — It  depends  in  a  great  measure  how 
they  are  placed.  I  have  seen  a  pavement  ex- 
tremely badly  laid,  and  a  great  deal  of  pavement  I 
have  seen  prejudiced  by  carts  going  over  it  for  the 
purposes  of  carrying  materials  to  the  road  before 
any  portion  of  the  metalling  was  put  on,  by  which 
the  formation  and  advantages  of  the  pavement  are 
completely  destroyed ;  and  unless  the  contractor  is 
very  carefully  watched  he  will  do  that.     He  will 
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not  carry  his  materials  along  the  lands,  or  any  other 
route,  but  he  will  travel  over  the  road ;  and,  as  is 
invariably  the  case,  he  will  not  metal  it  as  he  goes 
on,  but  carry  his  metal  over  the  road  upon  which 
he  makes  this  wheel-track,  and  thereby  destroys  the 
formation  of  the  pavement. 

"  But,  without  the  pavement  coming  up  by  the 
elasticity  of  the  road,  do  you  not  see  the  large 
stones  generally  come  up  ? — If  the  broken  material 
is  laid  on,  and  stones  of  a  larger  size  are  laid  at  the 
bottom  as  a  portion  of  the  metalling,  these  large 
stones  will  invariably  work  up. 

*'  Has  not  the  wearing  of  the  smaller  materials 
which  coat  the  road  something  to  do  with  the 
larger  materials  working  to  the  surface  ? — If  the 
pavement  is  properly  laid,  and  the  interstices  per- 
fectly well  filled,  and  a  sufficient  body  of  materials 
laid  on  that,  and  of  uniform  size  so  as  to  prevent 
the  lower  body  from  being  disturbed,  it  cannot 
move. 

"  What  advantage  do  you  find  in  a  pavement 
over  the  entire  substance  being  made  of  broken 
stone  ? — I  think  it  is  a  better  drain ;  and,  where 
the  material  is  suitable  to  the  purpose,  it  is  done  at 
a  less  expense. 

"  Then  we  may  comprise  the  result  of  your  evi- 
dence upon  the  subject  of  "  laid  roads,'*  and 
"  broken  stone  roads,**  in  your  reply  to  this  ques- 
tion, where  the  locality  admits  of  one  being  cheaper 
made  than  the  other,  then  you  give  the  preference 
to  that  particular  one,  but  where  you  have  the 
q>portunity  of  making  both  you  prefer  a  laid  road  ? 
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— I  do.  Over  a  considerable  portion  of  the  road 
on  which  I  have  been  employed  there  are  localities 
where  I  could  not  obtain  that  description  of  ma- 
terials which  I  could  advise  for  a  "  laid  road  :'*  as 
I  before  stated,  where  that  could  be  done,  a  smaller 
body  of  broken  stones  will  be  sufficient,  and  it  may 
happen  that  the  materials  for  a  "  laid  road  '*  may 
sometimes  be  obtained  at  a  greater  expense  than 
will  answer  the  purpose. 

"  Now  allow  me  to  ask  you,  with  reference  to 
the  cost  of  these  two  different  species  of  road ;  you 
have  stated  that  you  make  the  roads  according  to 
the  locality,  therefore  it  is  of  course  according 
to  the  materials  which  are  found  most  convenient ; 
what  do  you  consider  the  expense  of  a  pitched 
foundation,  with  broken  stone  on  the  top,  per  mile, 
as  compared  with  a  broken  stone  road  ? — The  ex- 
tra expense  of  making  a  road  thirty  feet  wide  en- 
tirely of  broken  stone  above  the  expense  of  making 
a  road  of  the  same  width  with  a  "  laid  foundation,*' 
where  the  materials  are  of  an  equally  durable  qua- 
lity and  are  equally  convenient  to  the  line,  would 
in  my  opinion  amount  to  72/.  per  mile.  There  are 
situations  where  the  difference  in  expense  would 
be  greater  than  this  calculation,  and  there  are  loca- 
lities where  the  materials  are  of  that  description, 
that  a  road,  formed  entirely  of  broken  stone,  would 
be  less  expensive  than  a  road  formed  upon  a  "  laid 
foundation.*'  * 

♦  The  following  are  extracts  from  Mr.  Telford's  first  report 
on  the  Holyhead  Road,  May  1824,  and  from  his  sixth  report, 
May  2S,  1829:  — 
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These  remarks  on  the  necessity  of  providing  a 
proper  foundation  for  a  road  will  he  now  brought 


**  Besides  the  advantages  of  easy  inclinations,  ample  breadth, 
perfect  drainings,  and  complete  protection,  the  forming  of  a 
smooth  hard  surface  is  one  of  the  distinguishing  characteristics 
of  this  new  road.  In  summer  it  is  not  dusty,  and  in  winter  it  is 
very  seldom  dirty ;  frosts  and  rains  produce  but  trifling  and 
superficial  effects  upon  it.  During  the  unusually  severe  frosts 
of  the  winter  1822 — 1823,  and  the  subsequent  thaws  and  heavy 
rains,  the  new  road  was  not  cut  up  or  rutted  in  a  single  in- 
stance, though  in  several  parts  of  the  old  road,  even  where  it 
had  been  put  into  decent  repair,  it  was  too  weak  to  stand  such 
hard  tests:  it  broke  up  and  became  as  bad  as  a  bog.  This 
breaking-up  was  not  confined  to  parts  of  the  Holyhead  Road, 
but  was  the  case,  and  to  a  much  greater  extent,  on  many,  and 
perhaps  all  the  roads  of  the  neighbourhood.  In  fact  it  seemed 
to  be  almost  universally  the  case  on  all  roads  not  constructed 
with  strong  foundations,  and  particularly  where  the  substratum 
was  clayey  and  retentive  of  water. 

**  The  grsat  superiority  which  the  Holyhead  new  road 
evinced  at  that  trying  time  was  doubtless  owing  to  the  sub- 
stantial foundation  which  had  been  prepared  for  it,  previous  to 
the  upper  stratum  of  broken  stones  being  laid  on  it.  This 
foundation  is  a  regular  close  pavement  of  stones,  carefully  set 
by  hand,  and  varying  in  height  from  eight  to  six  inches,  to  suit 
the  curvature  of  the  road :  these  stones  are  all  set  on  edge,  but 
with  the  flat  one  lowest,  so  that  each  shall  rest  perfectly  firm. 
The  interstices  are  then  pinned  with  small  stones ;  and  care  is 
taken  that  no  stone  shall  be  broader  than  four  or  five  inches,  as 
the  upper  stratum  does  not  bind  upon  them  so  well  when  they 
much  exceed  that  breadth.  The  pavement  thus  constructed  is 
quite  firm  and  immovable,  and  forms  a  complete  separation  be- 
tween the  top  stratum  of  broken  stones  and  the  retentive  soil 
below.  Any  water  which  may  percolate  through  the  surface  is 
received  amongst  the  stones  of  the  pavement,  and  runs  from 
them  into  the  next  leading  or  cross  drain,  and  there  escapes. 
Was  there  no  pavement,  the  water  must  remain  among  the 
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to  a  conclusion  by  giving  a  description  of  the  new 
Highgate  Archway  Road,  made  with  a  foundation 
composed  of  Roman  cement  and  gravel. 

working  materials  of  the  road,  or  rest  on  the  surface  of  the  day 
till  again  evaporated.  Should  frost  succeed,  the  pavement  pre- 
vents its  acting  on  the  clay,  as  the  water  has  previously  escaped ; 
and  as  hard  stone  is  not  perceptibly  altered  by  frost,  it  con- 
sequently can  produce  no  effect  on  the  surface.  W^here  the 
water  cannot  escape,  or  when,  from  a  want  of  the  intermediate 
pavement,  the  frost  reaches  the  clay,  which  always  contains  a 
considerable  quantity  of  moisture,  then  that  moisture  or  water 
is  expanded  by  the  operation  of  freezing,  and  heaves  up  the 
whole  of  the  road.  A  subsequent  thaw  allows  it  to  subside,  but 
the  connection  between  its  parts  being  disturbed  and  broken, 
and  the  materials  loosened,  the  first  heavy  weight  that  passes 
over  them  will  go  quite  through,  if  only  of  moderate  depth,  or 
cut  them  into  ruts  when  the  depth  is  great  The  substratum, 
too,  is  reduced  to  a  semi-fluid  state,  and  by  the  pressure  of  the 
hard  materiab  and  heavy  weights  it  is  forced  to  the  surface  as 
the  only  means  of  escaping.  If  it  is  attempted  to  scrape  this 
dirt  away  directly  afterwards,  much  of  the  stone  or  gravel  will 
unavoidably  be  mixed  with  it,  and  also  removed.  W^hilst  it  re- 
mains, the  road  is  scarcely  better  to  travel  over  than  a  ploughed 
field  ;  and  when  removed,  a  hole  is  left  on  the  surface." 

Extract  from  the  sixth  report. — **  In  order  to  ascertain  the 
most  effectual  mode  of  rendering  the  driving-way  hard  and 
smooth,  I  caused  an  experiment  to  be  made  along  a  quarter  of 
a  mile,  at  the  northern  extremity  of  this  road  (the  Highgate 
Archway  Road),  by  constructing  the  roadway  with  a  bottoming 
of  Parker's  cement  and  gravel,  and  with  a  coat  of  Hartshill 
stone  laid  upon  it ;  and  to  ascertain  what  would  be  the  com* 
parative  effect  of  using  the  same  stone  on  the  old  surface  of  the 
road,  I  had  a  large  quantity  of  it  laid  on  between  the  arch  and 
the  Hollo  way  Read.  The  result  is,  that  between  the  months  of 
October  and  March  last  full  four  inches  of  the  stone  on  the  old 
road,  between  the  arch  and  the  Holloway  Road,  was  worn  away 
where  eight  inches  had  been  laid  on,  while  not  one  inch  was 
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This  road,  of  little  more  than  a  mile  and  a  half 
in  length,  was  originally  made  by  a  private  com- 
pany, at  a  great  expense,  owing  to  the  nature  of 
the  subsoil,  which  consisted  of  sand,  clay,  and  gra- 
vel. A  tunnel  was  in  the  first  instance  attempted 
to  be  made  through  the  hill,  which,  after  having 
been  executed  for  a  considerable  length,  fell  in ; 
the  brickwork  not  being  suflSciently  strong  to  with- 
stand the  pressure  of  the  clay  and  sand  acting 
against  it.     After  the  failure  of  the  tunnel  that 


worn  down  where  it  was  laid  on  the  cement  bottoming.  This 
result  corresponds  with  other  trials  where  bottoming  has  been 
made  with  rough  stone  pavement 

**  The  different  parts  of  the  Holyhead  Road  which  have  been 
newly  made  with  a  strong  bottoming  of  stone  pavement  place 
beyond  all  question  the  advantage  of  this  mode  of  construction  ; 
the  strength  and  hardness  of  the  surface  admit  of  carriages  being 
drawn  over  it  with  the  least  possible  distress  to  horses.  The 
surface  materials,  by  being  on  a  dry  bed,  and  not  mixed  with 
the  subsoil,  become  perfectly  fastened  together  in  a  solid  mass, 
and  receive  no  other  injury  by  carriages  passing  over  them  than 
the  mere  perpendicular  pressure  of  the  wheels ;  whereas,  when 
the  materials  lie  on  earth,  the  earth  that  necessarily  mixes 
with  them  is  affected  by  wet  and  frost ;  the  mass  is  always  more 
or  less  loose,  and  the  passing  of  carriages  produces  motion 
among  all  the  pieces  of  stone,  which,  causing  their  rubbing  to- 
gether, wears  them  on  all  sides,  and  hence  the  more  rapid  decay 
of  them  when  thus  laid  on  earth  than  when  laid  on  a  bottoming 
of  rough  stone  pavement.  As  the  materials  wear  out  less  ra- 
pidly on  such  a  road,  the  expense  of  keeping  it  in  repair  is 
proportionally  reduced.  The  expense  of  scraping  and  remov- 
ing the  drift  is  not  only  diminished,  but  with  Hartshill  stone, 
Guernsey  granite,  or  other  stone  equally  hard,  is  neariy  alto- 
gether avoided." 
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scheme  was  abandoned,  and  open  cutting  was  re- 
sorted to. 

The  road-way  was  formed  by  laying  on  the  na- 
tural soil  a  very  large  quantity  of  gravel  and  sand 
as  a  foundation,  and  this  was  covered,  to  a  consi- 
derable depth,  with  broken  flints  and  larger  gravel. 
The  carriage-way,  however,  notwithstanding  this 
quantity  of  materials,  was  so  heavy,  loose,  and 
difficult  to  draw  over,  that  many  carriages  and 
waggons  continued  to  go  over  the  old  steep  road, 
and  the  company  in  consequence  received  little  or 
no  return  for  the  capital  they  had  expended  in  the 
work.  This  induced  them  to  try  every  expedient 
they  could  devise  to  improve  the  condition  of  the 
road,  but  without  success.  One  of  the  schemes 
resorted  to  was  to  take  up  all  the  road  materials, 
and  cover  the  subsoil  with  pieces  of  waste  tin,  over 
which  gravel,  flints,  and  broken  stones  were  placed. 
All  this,  however,  was  of  little  or  no  use :  the  road 
continued  imperfect,  and  even  dangerous  for  fast 
coaches.  The  Parliamentary  Commissioners  re- 
ceived complaints  and  petitions  from  coach-masters,^ 
and  other  persons  who  had  occasion  to  work  horses 
over  this  road,  praying  that  they  would  cause  an 
examination  into  the  state  of  the  road,  and  have 
the  defects  remedied. 

In  consequence  of  these  petitions,  a  Select 
Committee  of  the  House  of  Commons,  in  the 
year  1817>  examined  several  witnesses  upon  the 
state  of  the  road,  and,  amongst  others,  a  director 
of  the  Company,  Mr.  Hoggart,  who  stated    that 
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the  annual  expense  of  keeping  the  road  in  repair 
was  420/. 

.  Notwithstanding  the  investigation  which  then 
took  place,  the  road,  as  may  be  seen  from  Mr.  Tel- 
ford's Annual  Reports  to  the  Parliamentary  Com- 
missioners, still  continued  in  a  very  bad  and  im- 
perfect condition. 

In  1829,  the  Parliamentary  Commissioners  made 
an  arrangement  with  the  Highgate  Archway  Com- 
pany, for  taking  the  road  under  their  management, 
and  for  borrowing  from  the  Treasury  a  sum  of 
money  to  put  it  into  complete  repair.  In  order  to 
accomplish  this,  several  experiments  were  tried  by 
draining  the  surface  and  subsoil,  and  by  laying  on 
a  thick  coating  of  broken  granite ;  but  from  the 
wet  and  elastic  nature  of  the  subsoil,  the  hardest 
stones  were  rapidly  worn  away  by  the  wheels  of 
carriages,  but  much  more  by  the  friction  of  the 
stones  themselves  against  each  other ;  for,  in  a  very 
short  time,  they  were  found  to  become  as  round 
and  as  smooth  as  gravel  pebbles,  even  at  the  bot- 
tom of  the  whole  mass  of  road  materials.  It  was 
therefore  evident,  that  to  form  a  perfect  road, 
which  might  be  kept  in  repair  at  a  moderate  ex- 
pense, it  was  necessary  to  establish  a  dry  and  solid 
foundation  for  the  surface  broken  stones  j  but  as 
no  stones  could  be  obtained  for  making  a  founda- 
tion of  pavement  but  at  a  very  great  expense,  a 
composition  of  Roman  cement  and  gravel  was  sug- 
gested by  Mr.M  *Neill,  and  this,  on  trial,  was 
found  to  answer  effectually.     The  manner  of  lay- 


DIFFERENT  MODES  OF  CONSTRUCTION.         157 

ing  down  this  cemented  mass,  and  constructing  the 
road,  is  fully  detailed  in  the  following  evidence, 
given  by  Mr.  M*Neill  before  a  Select  Committee 
of  the  House  of  Commons  in  May  1830: — 

"  Are  you  the  resident  engineer  under  Mr.  Tel- 
ford, on  the  road  from  London  to  Shrewsbury  ?  — 
Yes. 

"  You  conducted  the  work  at  the  Highgate 
Archway  road  ?  —  I  did. 

"  Will  you  explain  to  the  Committee  the  expense 
of  the  cement  composition  which  was  laid  on  the 
foundation  ?— The  expense  of  the  cement  delivered 
was  2s.  a  bushel  -,  it  was  mixed  with  eight  times  as 
much  of  washed  gravel  and  sand. 

"  What  distance  of  ground  would  a  bushel  so 
made  extend  ? —  Laying  on  the  cement  six  yards 
wide  and  six  inches  in  thickness  came  to  10^.  a 
running  yard ;  but  in  this  case  part  of  the  gravel 
got  in  taking  up  the  old  road  was  used ;  if  new 
gravel  had  been  purchased,  it  would  have  cost 
from  12*.  to  15*. :  that  included  the  forming  the 
bed  of  the  road,  which  was  done  with  very  great 
care.  There  were  four  drains  formed  longitudinally, 
and  there  were  secondary  drains  running  from  those 
to  the  side  channel  drains,  and  those  again  to  drains 
outside  the  footpaths,  covered  with  brick,  and  they 
all  communicated  with  each  other,  and  discharged 
the  water  into  proper  outiets.  On  the  prepared 
centre  of  six  yards  in  width,  after  it  had  been  pro-, 
perly  levelled,  the  cement  was  laid  on,  mixing  it 
first  in  a  box  with  water,  gravel,  and  sand,  in 
certain  proportions:   every  cask  of  cement  was 
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tried  before  it  was  allowed  to  be  used,  and  when 
we  found  it  set  properiy  in  about  fifteen  minutes 
we  then  used  it. 

"  Did  it  become  hard  in  fifteen  minutes  ? —  Yes, 
so  that  we  could  stand  upon  it:  in  about  four 
minutes  afler  being  laid,  a  triangular  piece  of  wood, 
sheeted  with  iron,  was  indented  into  it,  so  as  to 
leave  a  track  or  channel  at  every  four  inches  for 
the  broken  stones  to  lie  and  listen  in. 

"  For  grooves  for  the  stones  to  bed  in  ?  —  Yes ; 
and  this  triangular  indent  had  an  inclination  of  full 
two  inches  from  the  centre  to  the  sides ;  so  that  if 
water  came  through  the  broken  stones  it  ran  off 
the  cemented  mass  into  the  longitudinal  drains. 

"  The  cement  had  that  fell  from  the  centre  of 
the  road  ?  —  Yes,  three  inches  from  the  centre  to 
each  side ;  that  was  sufficient  to  allow  the  water 
that  percolated  through  the  broken  stones  to  run 
off. 

•*  What  time  of  year  was  this  composition  laid  on 
the  road  ? —  200  yards  was  done  in  winter ;  aU  the 
rest  in  July,  August,  and  September. 

"  It  has  been  on  the  road  through  the  last 
winter?  —  There  has  been  part  of  it  on  since 
June  1828,  nearly  two  years. 

"  Have  you  examined  it  to  see  what  effect  the 
weather  has  had  on  it  ?  —  I  examined  it  frequently 
during  the  frost,  almost  every  six  weeks,  and  I 
never  came  to  town  without  examining  it. 

"  In  what  state  have  you  found  it? — Perfectly 
hard  in  every  case. 

"  Not  injured  by  the  frost  nor  the  working  of 
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the  carriages  over  it? — Not  in  the  least:  there 
was  an  injury  of  six  feet  square,  but  it  originated 
from  the  side  banks  of  the  road  coming  down  and 
bulging  it  up. 

"  By  under-pressure  ?  — Yes ;  only  six  feet  square 
was  injured. 

"  At  what  rate  of  expense  can  a  square  yard  be 
laid  six  inches  thick  of  this  composition  ?  In  the 
neighbourhood  of  London  it  could  be  laid  for  about 
two  shillings,  according  to  the  locality,  per  yard  six 
inches  thick. 

"  Was  it  dearer  at  Highgate,  at  the  Archway 
Road  ?  —  About  twopence  dearer  than  it  would  in 
London. 

**  How  many  yards  wide  was  it  laid  ?  —  Six  yards 
wide :  the  gravel  that  was  found  in  the  road  was 
made  use  of  for  part  of  it ;  if  it  had  to  be  purchased, 
it  would  have  cost  2*.  to  28.  6d. 

"  What  state  was  the  road  in  when  it  was  given 
into  your  possession  by  the  Company? — I  think  it 
was  as  bad  a  road  as  I  ever  saw ;  a  coachman  could 
hardly  sit  on  the  box  when  driving  along  it. 

"  Was  it  in  consequence  of  the  surface  being  so 
uneven  ? — The  surface  was  uneven  in  some  places ; 
it  was  not  in  ruts,  but  in  holes  several  inches  deep. 

"  What  was  the  surface  composed  of? — Prin- 
cipally clay,  gravel,  and  sand. 

"  No  body  of  strong  materials  ?  —  They  could 
not  last  on  it ;  they  were  worn  out ;  an  immense 
quantity  had  been  put  on ;  there  were  1,200  cube 
yards  of  gravel  put  on  annually.     Shortly  before 
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we  took  possession  of  the  road,  they  put  about 
800/.  worth  of  granite  on  a  small  space ;  the  direc- 
tors said  it  was  necessary  to  examine  the  quantity 
of  granite  in  the  road,  that  we  might  deduct  it 
from  the  contractor's  prices,  as  they  had  laid  out 
out  800/.  in  so  short  a  time ;  I  did  in  consequence 
examine  it,  and  opened  the  road  in  various  places, 
particularly  where  they  told  me  it  was  on,  and  I 
could  hardly  find  a  stone  of  it 

"  Were  not  some  of  the  stones  worn  into  a  per- 
fect round  shape  ? — Almost  every  one  I  found  was 
as  round  as  an  egg. 

"  What,  in  your  opinion,  was  the  cause  of  these 
materials  wearing  out  so  rapidly  ? — From  the  rub- 
bing against  each  other,  and  from  the  weakness  of 
the  surface,  and  the  elasticity  of  the  road ;  in  all 
cases  those  round  stones  were  at  the  bottom. 
"  Was  the  road  damp  and  wet  ? — Very  wet. 
"  Had  those  stones  worked  themselves  down 
below  the  furze  and  tin  you  say  you  had  to 
remove  ?  —  They  were  resting  on  them,  and  they 
were  quite  elastic. 

"  Can  you  state  to  the  Committee  how  many 
tons  of  gravel  and  stone  have  been  laid  on  the  road 
since  it  has  been  put  under  the  care  of  the  Com- 
missioners?—  Eight  thousand  one  hundred  and 
forty-six  tons  of  gravel,  and  3,614  tons  of  granite. 

"  Can  you  state  the  number  of  yards  of  drains 
that  have  been  made?  —  There  have  been  four 
longitudinal  drains  made  the  whole  length  of  the 
road,  besides  numerous  cross  drains,  one  at  every 
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thirty  yards;  and  there  have  been  intermediate 
small  drains  every  ten  yards  under  the  cement; 
making  in  all,  12,803  yards. 

"  What  was  the  reason  for  making  such  an 
unusual  quantity  of  drains  ?  —  From  the  nature  of 
the  ground :  it  was  cut  through  a  clay  soil,  high 
banks  on  each  side ;  and  all  the  surface  water  that 
came  from  the  slopes  and  Highgate  Hill,  came 
down  and  rested  in  the  hollows  of  the  subsoil. 

"  You  made  use  of  the  cement  because  you 
could  get  no  stone  to  make  a  pavement  ?  —  That 
was  one  cause ;  in  that  situation  it  was  both  better 
and  cheaper  than  any  stone. 

"  Can  you  give  the  Committee  any  statement 
of  the  comparative  expense  of  keeping  the  road  in 
repair  previous  to  the  undertaking  of  the  work  by 
Mr.  Telford  and  since? — Yes,  I  can;  I  under- 
stand it  cost  900/.  a  year ;  it  can  now  be  kept  in 
good  repair  for  much  less. 

"  Have  you  an  opportunity  of  explaining  to  the 
Committee  the  different  degree  in  which  the  hard 
stone  wears  where  laid  on  the  surface  of  such  a  road 
as  that  was,  or  laid  upon  a  cement  foundation  ? — 
Yes,  I  have ;  I  have  tried  it  repeatedly  since  the 
stone  has  been  laid  on. 

"  How  many  inches  did  you  find  of  the  stone 
wear  out  which  was  first  laid  on  the  road  before 
the  cement  bottoming  ? — I  found  four  inches  gone 
in  one  place  where  it  was  not  on  the  bottoming, 
and  not  half  an  inch  where  the  bottoming  was :  the 
same  stone,  quartz,  was  used  in  each  experiment. 
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"  You  made  the  experiment  on  purpose? — 
Mr.  Telford  desired  the  experiment  to  be  made. 

"  So  that  you  can  state  without  any  risk  of  error 
and  mistake  ^  —  Quite  certain  ;  because  it  was  on 
that  the  last  contract  was  founded  of  carrying  the 
work  into  execution. 

"  Have  you  any  notion  of  the  saving  of  horse 
labour  in  consequence  of  the  improvement  of  the 
road?  —  I  have.  I  have  tried  the  draught  of 
drawing  a  waggon  over  it  by  the  instrument  I  have 
invented,  and  which  has  been  approved  of,  and 
ordered  by  the  Commissioners  to  be  used  on  the 
Holyhead  Road  for  proving  the  comparative  merit 
of  each  part  of  the  road ;  and  I  found  that  it  took 
a  power  of  56  lbs.  on  the  Archway  Road ;  and  I 
have  no  doubt  whatever  that  if  it  had  been  tried  in 
the  first  instance,  before  the  improvement  was  made, 
that  what  is  now  56  lbs.  would  have  been  at  least 
156  lbs.,  judging  from  trials  made  on  roads  equally 
bad ;  or  that  fifty-six  horses  will  now  do  as  much 
work  as  156  could  before  the  road  was  improved. 

**  Before  you  were  employed  by  the  Parlia- 
mentary Commissioners,  were  you  employed  in 
making  and  repairing  roads  on  the  system  of  putting 
the  broken  stone  on  the  soil,  or  on  the  surface  of 
the  old  roads? — Yes,  since  1816. 

"  You  have  now  an  opportunity  of  judging  of 
the  comparative  wear  of  materials,  whether  so  made 
use  o^  or  put  on  a  paved  foundation  :  will  you  de- 
scribe to  the  Committee  what,  ia  your  opinion,  is 
the  general  result?  —  I  have  attended  to  it  very 
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particularly,  and  I  have  no  hesitation  in  saying, 
tliat  the  annual  saving  from  a  paved  bottom  will  be 
one  third  the  expense  in  any  case :  either  a  stone 
or  cement  bottom  is  the  same ;  it  is  merely  the 
solidity  and  dryness  that  is  required. 

"  In  your  experience  and  the  observations  you 
have  made,  taking  together  the  first  expense  of 
making  a  road  in  the  ordinary  way,  by  putting  the 
broken  stone  on  the  soil,  and  taking  a  certain 
number  of  years'  subsequent  expense,  say  ten 
years,  and,  on  the  other  hand,  taking  the  first  ex- 
pense in  making  a  road  with  a  solid  foundation, 
either  of  stone  or  cement,  with  the  same  sort  of 
broken  materials  and  surface,  for  the  same  period 
of  time,  which  would  you  say  would  be  the  cheapest 
in  the  end  ?  — There  can  be  no  doubt  at  all  upon 
that  subject :  the  saving,  I  think,  will  be  one  third ; 
and  if  you  include  the  labour  of  horse  power  that 
is  gained,  it  will  be  very  considerably  more  than 
that. 

"  In  favour  of  which  ?  —  In  favour  of  the  paved 
bottom. 

"  What  would  be  the  saving  in  the  course  of 
ten  years  in  favour  of  the  paved  bottom  ?  — The 
saving  in  ten  years  will  depend  on  local  circum- 
stances, but  in  every  case  a  paved  bottom  will  be 
found  the  cheapest :  in  the  first  place,  the  breaking 
of  the  stone  is  saved,  which,  where  hard  granite  is 
used,  is  considerable ;  in  the  second  place,  a  softer, 
weaker,  and  generally  a  cheaper  stone  than  can  be 
used  for  the  top  material  may  be  made  use  of  for 
the  pavement ;  thirdly,  the  surface  stones  are  pre- 
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served  from  wear  in  an  extraordinary  manner,  by 
resting  on  a  solid  firm  foundation,  instead  of  mixing 
with  the  wet  subsoils,  and  forming  a  loose  elastic 
road,  which  takes  some  years,  and  wears  out  many 
materials,  before  it  becomes  hard  and  solid. 

"  What  do  you  mean  to  express  by  a  paved  bot- 
tom?—  Unbroken  stone  set  on  edge  across  the 
road,  six  or  eight  inches  deep,  and  three  or  four 
inches  thick ;  set  firmly  side  by  side,  and  the  in- 
terstices filled  up  with  stone  chips  packed  in  witli 
a  small  hammer.  This  forms,  in  point  of  fact,  a 
regular  pavement,  but  not  smooth  on  the  sur- 
face,  of  about  seven  inches  deep,  as  the  road 
foundation.  Five  inches  at  the  side,  and  seven 
inches  in  the  centre,  if  the  pavement  is  eighteen 
feet  wide. 

"  What  kind  of  stone  do  you  use  for  this  pur- 
pose ?  —  Sandstone,  limestone,  or  schistus,  or  such 
as  can  be  had  in  the  neighbourhood :  any  stone, 
almost,  will  answer  that  will  bear  weight  and  not 
decompose  by  the  atmosphere. 

"  Is  it  not,  in  many  instances,  cheaper  than  any 
other  material  you  can  use  ?  —  It  is  the  cheapest  in 
the  first  instance,  because  you  have  not  to  break 
the  stone ;  and  the  subsequent  repairs  cost  less.'' 

Some  time  after  the  road  was  improved  as  above 
described,  the  contractor  of  the  work  wrote  a  cir- 
cular letter  to  some  of  the  principal  coachmasters 
and  coachmen,  requesting  to  have  their  opinion 
of  the  state  of  the  road. 

The  following  are  extracts  from  some  of  the 
answers  to  those  letters,  as  published  in  the  Ap- 


DIFFERENT  MODES  OF  CONSTRUCTION.         l65 

pendix  to  the  report  of  the  Select  Committee 
on  the  Holyhead  and  Liverpool  Road,  printed 
30th  May,  1830:  — 

<<  Golden  Cross,  Charing-cross,  10th  May  18S0. 

"Sir, 
"  In  answer  to  your  letter,  dated  the  1st  instant, 
respecting  the  present  state  of  the  Highgate  Arch- 
way road,  I  have  to  remark,  that  it  is  most  sur- 
prisingly improved  since  you  have  adopted  the  plan 
of  Mr.  Telford ;  in  fact,  so  much  so,  that  four 
horses  can  better  perform  their  journey  now  (both 
as  regards  speed  and  ease,)  than  six  horses  could 
do  previous  to  such  plan  being  adopted.  And 
although  the  weather  this  year  has  been  much 
against  the  roads,  notwithstanding  that,  your  much 
improved  plan  has  well  contended  against  such 
weather ;  so  much  so,  that  I  have  not  had  occasion 
to  require  six  horses  at  any  time  during  the  last 
winter,  although  in  various  other  places  I  could 
not  possibly  proceed  unless  I  employed  that  number 
Q  f  horses ;  for  instance,  from  Bamet  to  Colney, 
near  Ridge  Hill,  I  have  constantly  gone  with  six 
horses,  and  even  then  with  difficulty. 

"  B.  W.  Horne/* 

"  Sir, 
"  In  reply  to  your  letter,  I  have  to  state  to  you 
the  wonderful  improvement  made  on  the  Archway 
road.  The  short  time  since  its  completion,  and  the 
severe  winter  it  had  to  encounter,  proves  beyond 
doubt  the  complete  success  of  the  plan.     Since  my 
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commencement  in  driving  on  the  Birmingham  road, 
it  was  with  difficulty  I  could  get  up  the  Archway 
Hill,  on  one  side  or  the  other,  with  5ir  horses^  but 
now  Jour  middling  horses  are  sufficient  for  any  of 
our  loads* 

"  Thomas  Bramble/* 

<<  Lawrence  Lane,  15th  Mav. 

"  Sir, 

"  In  reply  to  yours  of  the  4th  instant,  requesting 
my  opinion  respecting  the  late  improvement  of  the 
Highgate  Archway  road,  it  is  with  sincere  pleasure 
I  am  enabled  to  state  that,  during  the  whole  course 
of  my  experience,  I  never  saw  so  much  improve- 
ment in  so  short  a  period :  in  fact,  from  its  being 
the  very  worst  piece  of  road  between  London  and 
Manchester,  it  is  now  become,  through  your  exer- 
tions, decidedly  the  best  I  was  fearful  the  severe 
winter  we  have  experienced,  setting  in  so  very  soon 
after  its  being  completed,  would  have  broken  it  up ; 
but  I  am  most  happy  to  say  that,  during  the  whole 
winter,  I  have  not  observed  a  single  place  where  it 
was  the  least  affected.  Previous  to  this  winter,  it 
was  all  we  could  do  to  walk  up  both  sides  of  the 
Archway  with  six  horses,  and  now  we  can  trot  up 
with  our  heaviest  loads  with  four. 

"  When  I  first  commenced  driving  on  the  above 
road,  we  were  obliged  to  keep  twelve  horses  to 
work  a  slow  coach  to  Bamet,  and  now  we  can  work 
a  fast  one  the  same  distance  with  ten  horses. 

"  I  think  the  fects  above  stated  are  at  once  a 
convincing  proof  of  the  full  success  of  the  plan 
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you  have  adopted;  and,  as  one  individual  con- 
cerned, I  beg  leave  to  offer  you  my  most  sincere 
congratulations  thereon. 

"  Cyrus  J.  Coatsworth.** 


ROADS  MADE  WITH  A  FOUNDATION  OF  RUBBLE 
stones,  AND  A  SURFACE  OF  BROKEN  STONES. 

A  useful  road  may  be  constructed  by  making  a 
foundation  with  rubble  stones,  and  laying  broken 
stones  or  gravel  upon  them. 

The  stones  should  be  reduced  so  as  not  to  have 
any  of  them  more  than  four  pounds  in  weight ; 
these  should  be  laid  in  a  regular  bed,  to  the  depth 
of  seven  inches  in  the  middle  and  four  inches  at 
the  sides,  supposing  the  road  to  be  thirty  feet  in 
breadth ;  a  coating  of  small  broken  stones  should 
then  be  laid  on  in  the  way  directed  when  a  pave- 
ment is  used. 

If  the  subsoil  be  clay,  a  course  of  earth,  of  any 
kind  that  is  not  clay,  of  the  thickness  of  six  inches, 
should  be  laid  upon  the  clay,  to  prevent  it  from 
rising  and  mixing  with  the  stones. 

A  road  made  according  to  the  rules  here  given 
will  not  be  a  very  expensive  one :  it  will  answer 
for  cross  turnpike  roads,  and  other  roads  that  do 
not  communicate  between  large  towns  and  col- 
lieries. 

This  plan  is  much  superior  to,  and  not  more 
expensive  than,  the  next  plan. 
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A    ROAD    MADE    WHOLLY    OF    BROKEN    STONE. 

A  road  may  be  constructed,  suitable  to  light 
carriages  and  little  traffic,  by  forming  a  level  bed 
on  the  natural  soil,  and  putting  upon  it  a  body  of 
broken  stones,  of  twelve  inches  in  thickness  in  the 
middle,  and  six  at  the  sides.  The  stones  should 
be  laid  on  in  successive  layers,  taking  care  to  let 
each  layer  be  worked  in,  and  consolidated,  before 
a  fresh  one  be  laid  on.  If  the  subsoil  is  clay,  a 
course  of  earth  should  be  laid  upon  it,  as  proposed 
in  the  last  plan. 

Roads  of  this  description  are  not  sufficiently 
strong  for  great  thoroughferes.  This  plan,  how- 
ever, having  of  late  been  recommended  as  greatly 
superior  to  all  other  plans  by  persons  who  profess 
to  be  experienced  and  scientific  road-makers,  a 
number  of  turnpike  trustees  have  adopted  it ;  but 
experience  has  fully  established  its  unfitness  for 
roads  of  great  traffic,  in  comparison  with  those 
made  with  a  proper  foundation.  The  reason  is 
very  obvious;  for  if  a  coating  of  small  broken 
stones  be  laid  on  the  natural  soil,  the  weight  of 
carriage  wheels  passing  over  it  forces  the  lower 
course  of  the  stones  into  the  soil,  while  the  soil  is 
forced  up  into  the  interstices  between  them ;  the 
clean  body  of  stones,  first  laid  on  to  make  the  road, 
is  thus  converted  into  a  mixed  body  of  stones  and 
earth,  and,  consequently,  the  surface  of  the  road 
cannot  but  be  very  imperfect  as  to  hardness.  It 
is  necessarily  heavy  in  wet  weather,  on  account  of 
the  mud  the  earth  makes  on  its  surface  j  and,  in 
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warm  weather,  on  account  of  a  quantity  of  dry 
dirt,  f  V  0>'  * 

A  road  made  on  this  plan  will  require,  for  two 
or  three  years  after  it  is  said  to  be  finished,  the  ex- 
penditure of  large  sums  in  new  materials  to  bring 
it  into  any  thing  like  even  an  imperfectly  consoli- 
dated state ;  and,  after  all  that  can  be  done,  such 
a  road  will  always  run  heavy,  and  break  up  after 
severe  frosts ;  for,  as  the  natural  soil  on  which  such 
a  road  is  laid  is  always  more  or  less  damp  and  wet, 
it  will  necessarily  keep  the  body  of  materials  of 
which  the  road  is  made  damp  and  wet;  in  con- 
sequence of  which,  the  surface  of  the  road  will 
wear  down  quickly.     Hard  frosts  will  penetrate 
through  the  materials  into  the  under  soil,  and, 
when  thaws  take  place,  break  up  the  whole  sur- 
face. 

It  is  in  this  way  that  the  ruinous  state  of  most 
roads,  after  severe  frosts,  is  to  be  accounted  for. 

The  following  Post  Office  bulletin,  which  ap- 
peared in  the  London  newspapers  of  27th  February 
1838,  will  serve  as  conclusive  testimony  in  favour 
of  strong  roads,  and  against  those  made  "  with 
materials  of  an  uniform  size  from  the  bottom,'*  laid 
on  the  natural  soil ;  these  being  the  roads  to 
which  the  Post  Office  alludes. 

"  General  Post  Office,  Tuesday,  one  o'clock. — 
The  mails,  during  the  last  two  or  three  days,  have 
again  been  seriously  retarded  in  their  arrival,  owing 
to  the  heavy  fall  of  snow,  especially  in  the  north, 
and  the  generally  rotten  state  of  the  roads.  One 
Glasgow  and  one  Edinburgh  mail  are  still  due. 
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The  roads  in  the  west  of  England  and  on  other 
lines  are  so  rotten  that  the  wheels  frequently  sank 
to  the  nave.** 


ROADS   MADE   WITH    GRAVEL. 

In  a  country  where  no  stone  can  be  got  for 
making  a  road,  and  nothing  better  than  gravel  can 
be  procured,  the  following  plan  of  employing  it 
may  be  adopted : — When  the  bed  of  the  road  has 
been  formed,  a  coating  of  small  gravel  should  be 
laid  on,  four  inches  thick,  over  its  whole  breadth ; 
carriages  should  then  be  let  to  run  upon  it,  and 
the  ruts  should  be  raked  in  as  soon  as  they  appear. 
When  the  first  coat  of  gravel  has  become  tolerably 
firm,  another  coating,  once  screened,  should  be  laid 
on,  three  inches  thick,  over  the  whole  surface,  and 
the  ruts  raked  in  as  before.  When  this  second 
coat  of  gravel  is  consolidated,  a  third  should  be  laid 
on,  three  inches  thick :  this  coat  of  gravel  should 
be  well  riddled,  and  cleansed  firom  all  earth  or  day, 
and  all  pebbles  exceeding  one  inch  and  a  half  in 
diameter  should  be  broken  before  they  are  laid  on 
the  road.  This  process  should  be  repeated  until 
there  is  a  body  of  gravel  laid  on  the  road  sixteen 
inches  thick  in  the  middle,  and  ten  at  the  sides,  so 
as  to  form  a  convex  surface  rising  six  inches  from 
the  sides  to  the  centre.  The  strongest  and  best 
part  of  the  gravel  should  be  put  on  the  middle 
fifteen  feet  of  the  road,  and  the  smaller  gravel  on 
the  sides.  In  all  roads  of  this  description  the 
greatest  care  must  be  taken  to  drain  the  subsoil  by 
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a  sufficient  number  of  cross  and  mitre  drains,  com- 
municating with  the  main  drains.  If  this  is  not 
attended  to,  it  will  be  impossible  to  form  a  good 
carriage  way. 

A  road  made  with  gravel  in  the  way  here  recom- 
mended  will  be  much  stronger  than  gravel  roads 
usually  are;  but  it  will  be  much  inferior  to  one 
made  with  stone  materials.  The  roundness  of  the 
stones  prevents  them  from  becoming  consolidated 
by  pressure,  so  as  to  form  a  perfectly  hard  surface ; 
and  when  the  gravel  consists  of  limestone,  flint, 
freestone,  sandstone,  or  other  kinds  of  weak  stone, 
it  is  so  rapidly  pulverised,  that  the  friction  pro- 
duced by  wheels  passing  over  it  adds  greatly  to 
the  labour  of  horses. 
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CHAPTER  VI. 


FENCES. 


In  districts  of  country  where  stones  abound,  walls 
are  the  best  fences :  they  require  less  land  than 
hedges,  and,  when  properly  built,  give  a  very  neat 
and  finished  appearance  to  a  road. 

The  manner  of  constructing  these  fence  walls 
will  be  described  in  the  chapter  on  road  masonry. 
Where  a  quick  fence  is  to  be  raised,  the  follow- 
ing specification  points  out  every  thing  that  is 
requisite :  — 

"  A  ditch  is  to  be  cut  and  a  bank  raised,  to- 
gether occupying  a  space  of  eight  feet  in  breadth  ; 
the  ditch  is  to  be  on  the  field  side  of  the  bank,  to 
be  cut  out  of  the  natural  ground,  four  feet  wide  at 
top,  ten  inches  wide  at  bottom,  and  two  feet  and 
a  half  deep.*  The  bank  is  to  be  four  feet  wide, 
and  is  to  be  raised  by  sods,  with  the  green  or 
swarded  side  out,  to  the  height  of  fourteen  inches 
above  the  side  channels  of  the  road. 

"  Two  rows  of  quicks  are  to  be  planted  on  the 
ditch  side  of  the  bank,  a  bed  being  first  formed  for 
them,  of  good  vegetable  mould,  fifteen  inches  deep, 
and  eighteen  inches  wide.  There  are  to  be  twelve 
plants  set  in  every  lineal  yard :  they  are  to  have 

*  Where  the  soil  is  clay  the  drain  should  be  four  feet  deep. 
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good  roots,  three  years  transplanted  from  the  quick 
bed,  and  of  a  strong  and  healthy  appearance. 

"  These  quicksets  are  to  te  protected  by  two 
rows  of  posts  and  rails ;  three  rails  in  each  row : 
the  posts  to  be  of  good  oak,  five  feet  long,  five 
inches  deep  by  three  inches  wide,  with  large  buts 
sunk  two  feet  in  the  ground. 

"  The  rails  are  not  to  be  more  than  eight  feet 
long ;  to  be  three  inches  and  a  half  wide  by  an 
inch  and  a  half  deep,  of  good  elm,  oak,  or  ash 
timber. 

**  In  each  length  of  rails  two  centre  posts,  at 
least  two  inches  wide  by  an  inch  and  a  half  thick, 
are  to  be  driven  into  the  ground,  and  fastened  to 
the  rails  with  strong  nails. 

"  Through  cuttings,  instead  of  the  ditch  and 
mound  as  before  described,  a  mound  is  to  be  raised 
on  each  side  for  the  quicks,  eighteen  inches  high, 
two  feet  wide  at  tqp,  and  faced  with  sod  on  both 
sides  ;  outlets  for  the  water  which  collects  behind 
the  mound  from  the  slopes  are  to  be  formed  under 
it,  at  intervals  of  twenty  yards. 

"  The  mound  to  be  composed  of  the  best  vege- 
table mould  that  can  be  procured. 

"  The  quicks  are  to  be  planted  in  the  centre  of 
this  mound.*' 

A  quick  fence  may  be  also  raised  in  the  follow- 
ing manner,  in  dry  soils,  without  any  ditch  :  — 

"  A  border  or  flat  mound,  four  feet  in  width,  is 
to  be  raised  on  each  side  of  the  road  :  it  is  to  be 
six  inches  above  the  footpath,  and  twelve  inches 
above  the  side  channels  of  the  road,  if  there  is  no 
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footpath.  The  top  of  the  mound  next  the  fields  is 
to  be  made  with  good  earth  two  feet  wide,  and  to 
the  depth  of  fifteen  inches  :  two  rows  of  quicksets, 
twelve  in  each  lineal  yard,  are  to  be  set  in  the 
middle  of  these  two  feet.*' 

"  These  quicksets  are  to  be  protected  by  two 
rows  of  posts  and  rails,  as  before  described." 

Where  timber  is  scarce,  quick  fences  may  be 
raised  in  the  following  manner :  — 

"  A  ditch  is  to  be  cut  five  feet  wide  at  top,  and 
eighteen  inches  at  bottom,  and  four  feet  deep  ;  the 
sods  where  the  land  is  grass  to  be  laid  two  feet 
high  above  the  side  channels  of  the  road,  and  the 
earth  taken  out  of  the  ditch  to  be  formed  into  a 
bank  five  feet  wide,  sloped  to  a  breadth  of  eighteen 
inches ;  to  be  four  feet  high ;  two  rows  of  quicksets 
to  be  planted  on  the  outward  face  of  the  bank 
towards  the  field,  in  the  natural  soil  on  the  face  of 
the  bank." 

When  a  road  is  formed  on  a  high  embankment, 
a  fence,  may  be  made  according  to  the  following 
specification  :  — 

"  A  wall  is  to  be  built  on  each  side  of  tlic  road 
thirty  feet  apart,  eighteen  inches  thick  at  the 
foundation,  and  fifteen  inches  at  the  top,  two  feet 
high  above  the  side  channels,  and  nine  inches  deep 
below  them ;  in  all,  two  feet  nine  inches. 

"  The  stones  are  to  be  laid  in  neat  level  courses, 
closely  jointed  and  well  bonded  on  both  sides,  and 
to  be  of  a  kind  that  will  not  decompose  by  the 
weather. 

"  The  length  of  the  top  stones  to  be  the  thick- 
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ness  of  the  wall,  viz.  fifteen  inches,  and  from  five 
to  six  inches  deep,  to  serve  as  a  coping.  A  mound 
of  earth  twenty  inches  high  is  to  be  raised  above 
the  wall,  with  two  lines  of  sods  in  the  front.  One 
row  of  quicksets,  of  twelve  in  each  yard,  to  be 
planted  on  the  mound.  A  single  rail  fence  is  to 
made  to  protect  the  quicksets  :  the  top  of  the  rail 
is  to  be  fourteen  inches  above  the  mound.** 

Wherever  a  road  is  carried  through  a  deep  cut- 
ting walls  should  be  built  for  the  road  fences,  if 
stones  can  be  procured. 

All  road  fences  should  be  kept  as  low  as  pos- 
dble,  in  order  that  they  may  not  intercept  the  sun 
and  wind,  and  diminish  their  effect  in  producing 
evaporation. 

For  this  reason,  in  deep  cuttings,  the  quicks 
should  never  be  planted  at  the  top  of  the  banks  ; 
but  always  low  down,  near  the  side  of  the  road. 

All  quick  hedges  along  the  sides  of  roads  should 
be  clipped  every  year  in  the  months  of  August  or 
September.  They  should  be  trimmed  so  as  to  be 
perfectly  level  at  the  top,  and  with  a  regular  and 
even  surface  on  the  side  next  the  road. 

To  ensure  regularity  in  the  appearance  of  the 
hedges,  a  line  and  templet  should  be  made  use  of 
in  trimming  them. 
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CHAPTER  VII. 


ROAD  MASONRY. 


In  constructing  roads,  masonry  is  used  in  a  great 
many  cases,  and  too  much  pains  cannot  be  taken 
to  liave  it  perfect  both  in  plan  and  execution. 


BRIDGES. 

In  arranging  the  plan  of  a  bridge  for  a  road,  it 
should  be  considered  how  far  it  may  be  made  sub- 
servient to  improve  the  longitudinal  inclination  of 
a  road,  and  save  perpendicular  height. 

When  valleys  are  deep  and  nan-ow,  they  may 
frequently  be  passed  without  great  inclinations  in 
the  roadway,  by  selecting  a  proper  position,  and 
building  high  piers  and  arches  for  a  bridge,  if  a 
stream  or  river  is  to  be  crossed,  as  is  usually  the 
case.  On  the  other  hand,  when  the  land  on  each 
side  of  a  river  is  flat,  the  bridge  should  be  kept  low, 
to  avoid  an  inconvenient  ascent  to  the  top  of  it 

The  following  are  the  principal  objects,  with 
respect  to  bridges,  which  road-makers  should  have 
in  view,  viz. :  —  1  st,  the  most  eligible  situation  as 
regards  the  direction  of  the  road ;  2dly,  the  proper 
width  for  the  roadway;  3dly,  the  inclinations  of 
the  roadway  over  the  bridge ;  and  4thly,  the  num. 
ber  and  span  of  the  arches. 
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The  best  situation  for  a  bridge,  as  it  respects  a 
road,  will  evidently  be  that  which  preserves  the 
most  direct  line ;  but,  for  the  security  of  the  bridge, 
it  is  desirable  to  have  a  straight  reach  above  it,  and 
no  bend  near  it. 

The  width  of  a  bridge  between  the  parapeta 
should  be  regulated  by  the  traffic  that  is  to  pass 
over  it.  On  turnpike  roads  near  large  towns  the. 
width  should  be  forty  feet.  On  those  in  the 
country  thirty  or  thirty-six  feet  will  be  sufficient, 
and  on  parish  roads,  twenty  or  twenty-four  feet. 

The  inclinations  of  a  roadway  over  a  bridge 
should  be  very  moderate.  They  should  never  ex- 
ceed one  in  thirty  on  turnpike  roads  where  it  is  pos- 
sible to  avoid  it,  without  incurring  a  great  expense 
in  filling  for  the  approaches.  The  number  and 
spah  of  the  arches  must  depend  on  various  circum- 
stances,  which  can  only  be  taken  into  consideration 
by  the  engineer  on  the  spot ;  and  even  then  much 
more  must  be  left  to  his  experience  and  judgment 
than  can  be  derived  from  any  precise  rules  as  to  th^ 
proper  number  and  size  of  the  arches. 

It  will  be  sufficient  to  state  that  the  main  point 
to  be  attended  to  in  every  case  is  that  the  water-, 
way  should  be  of  ample  dimensions,  to  allow  the 
whole  body  of  water  to  pass  freely  in  the  highest 
floods. 

For  this  purpose  the  bridges  below  the  site  of 
the  proposed  bridge  should  be  carefully  measured, 
and  tlie  effects  of  floods  upon  them  observed.  This 
will  be  a  good  criterion  for  determining  what  the 
water-way  should  be  of  the  intended  bridge. 
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In  making  a  plan  and  estimate  of  the  expense  of 
building  a  bridge,  the  point  to  be  most  fully  ex- 
amined and  considered  is  how  to  secure  a  founda- 
tion sufficient  to  support  the  intended  superstruc- 
ture. An  engineer  should  make  accurate  borings, 
to  ascertain  the  nature  of  the  subsoil ;  and  when 
the  slightest  defect  appears,  piling  should  be 
adopted. 

As  the  building  of  large  bridges  does  not  come 
within  the  scope  of  this  work,  directions  will  be 
here  given  for  building  those  smaller  bridges  only 
which  are  required  on  all  roads.  The  following 
are  specifications  of  some  of  the  bridges  built  on 
the  Holyhead  Road. 

Specificationjbr  a  Bridge  to  he  built  over  the  main 

Drain  in  Maldraeth  Marsh. 

"  The  dimensions  of  the  bridge  as  well  as  the 
shape  and  dispositions  of  the  various  parts  are 
described  in  the  annexed  drawings. 

"  The  masonry  of  all  the  abutments  is  to  be  of 
good  hammer-dressed  limestone  ashler  from  the 
quarry  of  Nant,  laid  in  regular  courses,  well  jointed 
and  bonded,  without  pinnings  in  the  face. 

"  The  newels  at  the  extremities  of  the  wing 
walls  are  also  to  be  built  of  good  hammer-dressed 
ashler. 

"  The  arch  stones  and  string  course  are  to  be  of 
good  sound  freestone,  which  may  be  procured  below 
Maldraeth  Bridge  and  be  boat^  up. 

"  The  parapet  coping  to  be  of  stones  twelve 
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inches  in  depth ;  the  stones  to  be  flush  with  the 
inner  face  of  the  parapet,  and  to  project  four  inches 
on  the  outside.  The  sharp  angles  at  the  top  are 
to  be  rounded  off. 

"  All  the  rest  of  the  masonry  to  be  of  good  sound 
rubble  masonry,  built  with  stones  from  the  Nant 
quarry,  or  others  equally  good. 

"  The  whole  of  the  masonry,  except  the  inverted 
arches  and  water  wings,  is  to  be  set  in  mortar  com- 
posed of  one  part  of  good  well-burned  lime,  and 
two  parts  of  clean  sharp  sand,  to  be  well  mixed  and 
incorporated  together. 

"  The  inverted  arches  are  to  be  of  sound  lime- 
stone, set  on  edge  without  mortar. 

"  The  timber  for  the  platform  to  be  either  of 
oak,  elm,  beach,  or  fir. 

"  The  approaches  are  to  be  embanked  at  one  in 
thirty  from  the  ordinary  level  of  the  road ;  they 
shall  have  a  turf  mound  on  each  side ;  the  breadtli 
to  be  thirty-two  feet  in  the  dear.  The  embank- 
ments to  be  carried  up  in  courses  not  exceeding 
three  feet  each  in  height,  and  the  side  slopes  to  be 
two  to  one. 

"  The  metalling  over  the  roadway  to  be  as  de- 
scribed in  the  general  specification. 

"  There  are  to  be  water  wings  built  both  above 
and  below  the  large  arch  of  the  bridge  of  dry  lime- 
stone, each  twenty-five  feet  in  length,  built  vertical 
at  the  abutments,  and  gradually  increasing  in  batter 
till  they  are  one  to  one  at  the  extremities.  They 
are  to  be  founded  six  feet  below  the  springing  of 
the  arch,  and  to  be  built  up  to  the  level  of  the 

N   2 
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springing.     They  are  to  be  three  feet  thick  at 
bottom  and  two  feet  at  top. 

"  The  inverted  arches  are  to  extend  twenty  feet 
above  and  below  the  bridge/* 

Specification  Jbr  the  Bridge  at  Pont-y-padoc. 

Fifiy  feet  span. 

**  A  new  bridge  is  to  be  built  over  the  river 
agreeably  to  the  drawings  which  are  hereunto  an- 
nexed. (Plate  IV.  fig.  1.)  The  masonry  of  the 
abutments  is  to  be  of  good  hammer-dressed  stones 
laid  in  regular  courses,  well  bedded  and  jointed, 
and  without  pinnings  in  the  face.  The  wing  walls, 
spandrells,  and  parapets,  all  (but  the  coping)  are 
to  be  of  good  rubble  masonry,  composed  of  stones 
that  are  sound  and  will  stand  the  weather,  also 
without  pinnings.  The  arch  stones,  the  string 
course  above  the  arch,  and  the  parapet  coping,  are 
all  to  be  of  stone  from  the  quarry  above  Rhydllan- 
fair,  or  of  equally  good  quality. 

"  The  stones  for  the  parapet  coping  are  to  be 
laid  flat,  well  jointed,  not  less  than  three  feet  in 
length  and  nine  inches  in  thickness.  All  the  ma- 
sonry above  described  to  be  laid  in  good  lime  and 
stone  mortar. 

**  There  are  to  be  water  wings  above  and  below 
the  bridge,  to  connect  the  abutments  with  the  solid 
rock ;  they  are  to  be  built  as  high  as  the  springing 
of  the  arch,  and  the  total  length  of  the  four  walls 
is  not  to  exceed  eighty  feet  These  walls  to  be 
built  of  good  lime  mortar. 
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"  The  filliDg  in  between  the  wing  walls,  span- 
drells,  and  for  the  approaches,  to  be  brought  up  in 
regular  layers,  or  courses  not  exceeding  five  feet 
in  height  each. 

"  There  must  be  dry  breast  walls  on  each  side 
of  the  road  at  each  end  of  the  bridge,  and  parapets 
in  lime-mortar  on  the  top  of  each  for  the  whole 
length  of  the  139  yards,  excepting  the  space  the 
bridge  occupies.  The  line  of  the  top  of  the  para- 
pet at  the  N.  W.  end  of  the  bridge  shall  be  an 
uniform  incline  from  the  point  whence  the  lot 
commences  to  the  wing  walls  of  the  bridge.  The 
whole  length  to  be  metalled  as  per  general  speci- 
fication." 

Specification  of  a  Bridge  built  over  the  EUesmere 
Canaly  on  the  Holyhead  Road. 

"  The  dimensions  of  the  bridge  are  described  in 
the  annexed  drawings. 

"  This  bridge  is  to  be  built  of  good  sound  free- 
stone or  limestone  j  but  the  two  sorts  are  not  to  be 
mixed,  and  all  to  be  set  in  mortar  composed  of  one 
third  of  well  slaked  lime,  and  two  thirds  of  clean 
sharp  sand,  well  wrought  together. 

"  The  abutments,  wing  walls,  spandrells,  water 
wings,  and  parapets,  all  (but  the  coping)  are  to  be 
of  good  coursed  rubble  work ;  the  beds  and  joints 
fairly  and  squarely  wrought  with  the  hammer  or 
pick,  so  as  not  to  require  pinnings  on  the  face. 

"  The  copings  of  the  water  wings  and  parapets, 
arch,  string  course,  and  caps  of  newels,  to  be  neatly 

N  3 


182  A    TREATISE    ON    ROADS. 

drafted  round  the  bed  and  end  joints,  and  the  rest 
of  the  face  to  be  neatly  dressed  with  a  pick  point 
The  bed  and  end  joints  to  be  truly  wrought. 

"  The  coping  of  the  wing  walls  to  be  continued 
through  the  abutment,  so  as  to  prevent  the  boats 
striking  the  face  of  the  wall. 

"  The  wing  walls  are  to  have  a  curved  batter 
on  the  face,  of  one  and  a  half  inches  to  the  foot. 
They  are  to  be  vertical  behind,  with  two  six-inch 
onsets,  the  lowest  two  feet  above  the  springing  of 
the  arch,  and  the  upper  one  six  inches  above  the 
crown  of  the  arch,  so  that  the  inner  line  of  the 
foundation  will  be  one  foot  nearer  the  centre  of  the 
bridge  than  the  inside  of  the  parapet. 

"  The  water  wing  walls  are  each  to  be  forty  feet 
long  from  the  face  of  the  arch ;  to  be  two  feet 
thick  at  top,  and  three  feet  at  bottom ;  each  to 
splay  back  so  as  to  cut  into  the  land  at  top  bank 
level,  and  to  have  a  gradually  increasing  batter  on 
their  faces,  so  as  to  be  not  less  than  four  inches  to 
a  foot  at  their  extremities." 

Specification  for  the  Bridge  built  on  tlie  Coventry 
New  Road,  Plate  IV.  %.  2. 

"  The  ground  where  the  bridge  is  to  be  erected 
is  to  be  excavated  ten  feet  deep,  for  the  purpose 
of  laying  a  foundation  of  timber  for  the  abutments 
and  wing  walls. 

**  In  the  space  thus  opened,  102  piles  are  to  be 
driven ;  they  are  to  be  six  feet  long :  sixty-six  of 
them,  which  are  to  be  under  the  abutments,  are  to 
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be  nine  and  six  inches ;  the  remaining  thirty-six, 
which  are  under  the  wing  walls,  are  to  be  six 
inches  square ;  they  are  to  have  a  shoeing  of  three 
eighths  of  an  inch  iron,  nine  inches  long,  and  two 
inches  broad.  The  upper  end  of  the  piles  are  to 
be  cut  into  a  tenon  to  be  inserted  in  the  sills. 

"  The  sills  are  to  be  twelve  inches  by  nine 
inches,  to  be  laid  perfectly  level,  and  their  upper 
sur£ice  eight  feet  four  inches  below  the  ground 
line :  the  spaces  round  the  pile  heads  and  between 
the  sills  are  to  be  firmly  packed  with  rubble  stone 
and  grouted.  A  four-inch  sheeting  of  good  elm  or 
battens  is  to  be  laid  over  the  sills,  to  be  thirty- 
three  feet  long,  seven  and  a  half  feet  broad  for  the 
abutments,  and  five  and  a  half  by  eight  and  a  half 
for  each  wing  wall  j  it  is  to  be  laid  close,  evenly 
bedded,  and  spiked  to  the  sills.  The  upper  surface 
is  to  be  eight  feet  below  the  ground  line.  On  this 
platform  the  abutments  are  to  be  built  of  stone 
masonry  in  level  beds  and  grouted ;  they  are  to  be 
seven  feet  thick  at  the  foundation,  and  diminishing 
by  two  offsets  of  six  inches  each  to  six  feet  at  the 
springing,  which  is  to  be  at  eight  feet  above  the 
top  of  the  platform :  they  are  to  be  faced  nine 
inches  thick  with  blue  metal  bricks  laid  header 
and  stretcher  in  clean  joints.  The  wing  walls  are 
also  to  be  of  stone  masonry,  to  be  six  feet  thick  at 
the  platform  next  the  abutments,  and  dimiqjishing 
to  five  feet  three  inches  at  eight  feet  from  the 
abutments ;  this  thickness  is  to  be  continued  to  the 
height  of  five  feet  three  inches,  where  their  length 
is  increased  eight  feet  nine  inches ;  at  this  height 
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there  is  to  be  an  offset  of  one  foot,  and  the  work 
brought  up  from  this  to  the  ground  line  four  feet 
three  inches  thick. 

**  The  arch  is  to  be  thirty  feet  span,  rising  ten 
feet ;  to  be  built  of  the  best  blue  brick  that  can  be 
procured ;  it  is  to  be  one  foot  ten  inches  and  a 
half  thick  at  the  springing,  and  to  continue  of  the 
same  thickness  from  nine  feet  from  the  springing, 
where  there  is  to  be  an  offset  of  four  inches  and  a 
half;  from  thence  to  the  crown  it  is  to  be  eighteen 
inches  thick ;  the  headers  of  the  arch  to  show  only 
eighteen  inches  all  round.  The  arch  is  to  be  turned 
t)n  a  centre,  constructed  of  good  timber,  to  be  ap- 
proved of  by  the  engineer. 

"  The  backing  of  the  arch  is  to  be  of  good  stone 
masonry  three  feet  six  inches  at  the  springing ;  at 
the  height  of  two  feet  above  the  top  of  the  abut- 
ment, there  is  to  be  an  offset  of  one  foot ;  at  the 
height  of  four  feet,  there  is  another  of  a  foot ;  and 
at  the  height  of  five  feet  to  slope  to  the  back  of 
the  arch.  The  water  wing  walls  are  to  be  ten  feet 
long ;  they  are  to  be  founded  at  the  depth  of  eight 
feet  below  the  ground  line,  and  to  be  built  of  stone 
masonry  two  feet  thick  at  the  bottom,  and  diminish- 
ing by  an  offset  of  six  inches  at  the  height  of  three 
feet,  and  to  continue  of  that  thickness  to  the  top ; 
they  are  to  rise  to  the  ground  line,  and  to  be  coped 
with  sod ;  the  splay  to  be  three  feet  in  each,  or  to 
be  thirty-six  feet  in  the  clear  at  the  extremities. 

"  The  spandrell  and  wing  walls  above  the  ground 
line  are  to  be  of  blue  brick  masonry,  to  be  three 
feet  thick,  with  nine-inch  counterforts,  founded  on 
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the  stone  masonry  before  described ;  at  the  height 
of  five  feet,  there  is  to  be  an  offset  of  three  inches, 
and  the  remaining  thickness  of  two  feet  nine  inches 
to  be  continued  to  the  road  line  at  this  height. 
There  is  to  be  a  string  course  of  white  freestone, 
six  inches  thick,  one  foot  on  the  bed,  and  projecting 
two  inches  over  the  face  of  the  work ;  the  under 
edge  to  be  one  foot  six  inches  above  the  upper  line 
of  the  arch  at  the  crown  :  a  parapet  wall  is  to  be 
built  on  each  wing  wall,  and  over  the  arch,  of  four- 
teen inches  blue  brick  work,  three  feet  six  inches 
in  height,  and  coped  with  stone  three  feet  in 
length,  six  inches  thick  in  the  centre,  and  four 
inches  and  a  half  at  the  sides,  which  are  to  be  flush 
ivith  the  brick  work. 

"  The  stones  are  to  be  well  bedded  and  jointed 
with  four-inched  cast-iron  dowels,  and  the  joints 
run  witli  cement.  The  whole  of  the  works  and 
materials  are  to  be  approved  of  by  the  engineer. 
The  mortar  to  be  made  use  of  is  to  be  composed 
of  three  parts  of  sand  to  one  of  the  best  Newbold 
lime,  to  be  properly  worked  and  used  while  fresh. 
All  the  face  work  to  be  laid  in  mortar  composed  of 
two  parts  of  Newbold  lime  to  one  of  sharp  clean 
sand." 

RETAINING  WALLS. 

Where  the  natural  surface  of  a  country  is  very 
rugged  and  precipitous,  it  will  frequently  be 
necessary  to  build  retaining  walls. 

The  following  is  a  specification  for  building  a 
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retaining  wall  on  part  of  the  Holyhead  Road,  in 
North  Wales  (Plate  IV.  fig.  3.) :  — 

**  On  sloping  ground  there  must  be  a  retaining 
wall  along  the  upper  side  of  the  road  eighteen 
inches  wide  at  top ;  its  foundation  to  be  laid  at 
least  four  inches  below  the  bottom  of  the  side 
drains,  and  is  to  be  carried  up,  so  as  to  intersect 
the  slope  of  the  bank,  when  falling  at  the  rate  of 
two  horizontal  to  one  perpendicular ;  and  the  slope 
is  to  be  formed  in  this  manner  for  at  least  one  yard 
from  the  back  of  the  wall  by  means  of  swarded 
turf  or  stone  pavement  The  face  is  to  have  a 
curved  batter  at  the  rate  of  one  inch  and  a  half  in 
every  foot  from  the  top :  the  back  may  be  in  the 
shape  of  a  rough  dyke  wall ;  but  every  one  of  the 
back  stones  are  to  be  regularly  connected  with  the 
body  o£  the  wall,  and  not  to  depend  upon  the 
earth  behind  them.'* 

If  a  retaining  wall  be  built  of  brick,  the  thick- 
ness at  top  should  be  one  brick,  or  nine  inches, 
and  it  should  increase  in  breadth  by  onsets  of  half 
a  brick  at  every  eight  courses  to  the  level  of  the 
road,  below  which  the  thickness  for  the  stepping 
of  the  foundation  should  increase  lialf  a  brick  at 
every  four  courses  to  the  bottom.  All  the  walls  of 
this  description  should  batter  in  a  curve  line  on 
the  face  at  the  rate  of  one  inch  in  every  foot. 

BREAST   WALLS. 

These  walls  are  necessary  for  supporting  earth 
or  other  materials  used  for  forming  a  road  i  they 
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should  be  built  in  the  same  way  as  retaining  walls, 
and  should  increase,  from  one  foot  six  inches  in 
breadth  at  top,  at  the  same  rate  as  has  been 
described  for  retaining  walls. 

These  walls  should  have  a  strong  coping  of 
large  stones,  set  on  edge  in  mortar  of  the  best 
description. 

The  following  is  a  specification  of  a  breast  wall 
built  across  a  very  deep  hollow  in  North  Wales, 
on  the  Holyhead  Road  (Plate  IV.  fig.  4.) :  — 

*^  Across  the  hollow  there  is  to  be  a  breast  wall 
built,  in  good  lime  and  sand  mortar,  along  the 
foot  of  the  lower  slope  of  the  present  road,  or 
thirty  feet  distant  from  the  retaining  wall.  This 
breast  wall  is  to  be  two  feet  and  a  half  thick  at  top, 
and  to  increase  in  thickness  downwards  at  the  rate 
of  two  inches  and  a  half  for  every  foot  of  depth, 
by  a  regular  batter  on  the  outside.  There  is  to  be 
a  four-feet  parapet  wall  on  the  top,  two  feet  thick 
at  the  bottom,  and  eighteen  inches  at  the  top." 

FENCE    WALLS. 

These  walls  may  be  be  built  without  mortar,  if 
the  stones  are  flat  bedded. 

As  their  stability  depends  upon  the  workman- 
ship, great  care  should  be  taken  to  have  the  stones 
properly  selected,  and  laid  in  a  correct  and  regular 
manner. 

A  coping  should  be  made  on  the  top  of  these 
walls ;  it  should  be  of  large  stones  set  on  edge, 
and  laid  in  good  mortar. 

When  walls  are  used  for  fences  on  embankments. 
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they  should  always  be  built  with  mortar,  or  other- 
wise the  shaking  of  the  road  will  in  most  cases 
loosen  and  throw  them  down. 

The  following  is  a  specification  for  stone  fences 
on  the  Holyhead  Road: — 

"  The  stone  dykes  are  to  be  four  feet  six  inches 
high  above  the  side  drain  ;  they  are  to  be,  when 
placed  on  breast  walls,  two  feet  thick  at  the  bot- 
tom, and  sixteen  inches  at  the  top ;  and  where 
there  is  no  breast  wall  below  them,  they  are  to  be 
two  feet  six  inches  thick  at  the  foundation,  and 
one  foot  six  inches  at  the  top." 

CROSS   DRAINS. 

Cross  drains  should  be  built  of  good  masonry 
eighteen  inches  in  the  clear.     (Plate  IV.  fig.  5.) 

They  should  be  continued  under  tlie  fences 
into  the  ditches  on  each  side  of  the  road.  When 
made  of  stone  masonry  the  side  walls  should  be 
sixteen  inches  thick,  faced  on  both  sides,  eighteen 
inches  high  at  the  upper  end,  and  twenty-three 
inches  at  the  lower  end.  The  top  of  the  walls  to 
be  level,  and  the  bottom  of  the  drain  to  have  an 
inclination  of  one  inch  in  every  ten  feet.  The 
stones  at  top  on  which  the  covers  are  to  be  laid 
are  to  project  about  two  inches  and  a  half  into 
the  open  space  on  each  side,  leaving  about  thirteen 
inches  clear  between  them  :  the  covers  to  be  stone 
not  less  than  four  inches  thick  and  twenty-seven 
inches  long ;  they  should  be  neatly  jointed  and 
closely  laid  together^  and  properly  bonded  on  the 
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side  walls :  a  concave  pavement  of  stones,  not  less 
than  five  inches  deep,  should  be  laid  between  the 
side  walls.  The  body  of  the  building  should  be 
placed  so  low  as  to  admit  of  six  inches  of  earth  to 
be  laid  between  the  cover  of  the  drain  and  the  bot- 
tom course  of  the  road  materials,  without  elevating 
the  surface  of  the  road. 

The  ends  of  the  cross  drain  must  be  secured 
with  a  strong  pavement,  four  feet  three  inches  by 
two  feet  three  inches  ;  the  paving-stones  below  the 
discharging  end  should  be  of  large  stones,  sunk  so 
deep  as  to  secure  the  whole  from  being  injured  by 
the  current  of  water. 

When  a  cross  drain  is  connected  with  a  water- 
course, the  upper  end  should  be  secured  with  wing 
walls,  at  least  five  feet  in  length,  and  there  should 
be  similar  walls  at  the  lower  end.  These  wing 
walls  should  be  covered  with  two  rows  of  swarded 
turf,  the  lower  one  with  the  swarded  side  down, 
and  the  upper  one  with  the  swarded  side  up. 

The  following  is  a  specification  of  a  cross  drain, 
five  feet  diameter,  built  on  the  Holyhead  Road : — 

"  The  arch  to  be  hammer-dressed  coursed  work, 
and  the  rest  of  good  sound  rubble-work.  It  is  to 
be  in  length  the  full  breadth  of  the  road  and  dykes. 
The  faces  to  range  with  the  faces  of  the  breast 
walls,  and  the  dykes  to  be  continued  over  them. 

"  Water  wings  are  to  be  built  into  and  extended 
from  each  abutment  for  eight  feet  in  length,  and 
to  splay  back  to  eight  feet  apart  at  their  extremities. 
They  are  to  be  founded  at  the  same  depth  as  the 
abutments,  and  be  carried  up  to  the  level  of  natural 
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ground.  A  stone  pitching  to  be  set  between  the 
abutments  and  water  wings  ;  to  be  set  endwise  to 
the  streams,  and  be  firmly  secured  at  each  ex- 
tremity. Except  tlie  stone  pitching,  the  whole  is 
to  be  built  in  good  lime  and  sand  mortar.  The 
thickness  of  the  water  wing  waUs  to  be  the  same  as 
specified  for  the  breast  walls." 

Specification  for  a  Three  foet  Stone  Drain. 

"  The  arch  to  be  hammer-dressed,  and  the  rest 
of  the  masonry  good  sound  rubble-work.  The 
abutments  must  be  continued  as  water  wings  above 
and  below  the  arch,  for  five  feet  in  length,  and  be 
splayed  back  at  their  extremities  ;  to  be  founded 
as  low  as  the  abutments,  and  rise  to  the  springing 
of  the  arch*  A  dry  stone  pitching  to  extend  under 
the  arch  and  between  the  water  wings. 

"  Except  the  pitching,  the  whole  to  be  set  in 
good  lime  and  sand  mortar  up  to  the  level  of  the 
roadway ;  to  be  the  full  length  of  the  breadth  of 
the  road  and  dykes.  The  faces  to  range  with  the 
faces  of  the  breast  walls,  and  the  stone  dykes  to  be 
continued  across  the  arch  in  the  usual  manner.'' 

INLETS. 

The  water  from  the  side  channels  of  a  road 
should  be  introduced  into  the  cross  drains  by  side 
openings  or  inlets ;  these  should  be  built  with  stone 
masonry,  and  be  ten  inches  by  sixteen  inches,  and 
covered  with  sound  flags,  at  least  twenty-six  inches 
long  and  sixteen  inches  broad,  and  two  inches  and 
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a  half  in  thickness.  The  top  of  these  covers  should 
be  six  inches  above  the  level  of  the  sides  of  the 
channels,  and  the  whole  of  the  inlet  should  be  built 
outside  of  the  side  channels,  as  shown  in  Plate  IV. 
fig.  6. 

Inlets  may  be  made  along  the  side  channels,  and 
covered  with  iron  grates  eighteen  inches  or  two 
feet  square :  the  bars  of  the  grates  should  be  three 
quarters  of  an  inch  broad,  two  inches  deep,  and  one 
inch  apart,  if  made  of  cast  iron :  if  the  grates  are 
made  of  wrought  iron,  it  is  usual  to  set  the  bars  in 
an  oak  curb ;  but  the  cast-metal  grates  are  found 
to  answer  better,  particularly  if  bedded  in  stone  or 
on  brick  curbing.  In  some  situations  it  is  found 
necessary  to  leave  an  opening  or  inlet  under  the 
footpath,  as  first  described,  as  well  as  the  grate,  to 
allow  the  water  to  get  off  in  thunder-storms :  a  pro- 
vision is  also  sometimes  made  in  the  casting,  to 
allow  the  grates  to  be  turned  up  on  a  hinge,  in  case 
of  sudden  and  large  runs  of  water. 

QUTI4ETS. 

Outlets  are  necessary  to  receive  and  carry  off  the 
water  from  the  side  channels  of  the  road.  These 
outlets  may  be  built  of  brick  or  stone :  in  most 
cases  they  should  be  about  one  foot  square ;  when 
they  are  for  the  purpose  of  carrying  the  water  from 
the  channels  into  the  side  drains,  on  grounds  nearly 
level,  they  may  be  made  of  large  six-inch  diameter 
tiles  or  iron  pipes.  There  should  be  an  outlet  at 
the  end  of  every  cutting,  to  allow  the  water  that 
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collects  in  the  side  drains  through  the  cutting  to- 
run  off  to  the  side  drains  before  it  reaches  the  em- 
bankment. For  want  of  this  precaution,  embank- 
ments frequently  suffer  very  much. 

DEPOTS. 

Dep6ts  should  be  made  on  the  sides  of  all  roads 
for  holding  materials. 

The  best  form  is  that  which  will  serve  to  measure 
the  quantity  of  materials,  as  well  as  to  hold  tliem. 

The  back  walls  should  be  twelve  yards  long,  and 
the  two  side  walls  each  two  yards  and  a  half  at  the 
bottom,  and  to  slope  at  an  angle  of  45°  to  the  top : 
the  height  of  the  back  and  sides  should  be  three 
feet.  A  depot  of  this  form  and  dimensions  will 
hold  twenty-four  cubic  yards  of  materials;  and 
four  of  these  dep6ts  on  a  mile,  at  428  yards  apait, 
will  contain  100  cubic  yards. 

The  depdts  should  not  in  any  case  be  placed 
fsxtheT  from  each  other  than  a  quarter  of  a  mile, 
so  as  to  admit  of  moving  the  materials  in  barrows. 
This  method  is  better  calculated  for  constant  re- 
pairs, than  that  of  drawing  them  with  carts  and 
horses. 

Specification  for  building  Depots  of  Stone 

Masonry. 

**  Four  depots  are  to  be  built,  on  each  mile  of 
road,  in  such  places  as  may  be  pointed  out  by  the 
engineer  or  his  assistant :  they  are  to  be  built  with 
stone  and  lime ;   twelve  yards  long  in  the  clear. 
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three  feet  high  above  the  side  channels  of  the  road, 
and  to  be  founded  as  low  as  necessary  below  that, 
to  give  stability  to  the  work  ;  the  ends  to  be  two 
yards  and  a  half  in  the  clear  at  the  bottom,  and  to 
rise  to  one  yard  and  a  half  at  top  ;  the  thickness  of 
the  work  to  be  eighteen  inches  throughout  for  the 
height  of  three  feet ;  the  work  under  that  to  be 
two  feet  thick.  The  top  of  the  back,  sides,  and 
slopes  to  be  coped  with  large  stones,  set  on  edge, 
and  laid  in  good  mortar. 

"  The  bottom  is  to  be  flagged  with  sandstone, 
in  the  rough,  neatly  jointed  and  evenly  bedded. 

**  The  back  and  ends  of  the  dep6ts  to  have  a 
mound  of  earth  thrown  up  against  them,  eighteen 
inches  high  on  the  outside,  and  eighteen  inches  or 
two  feet  on  the  base,  rounded  off  on  the  top,  and 
faced  with  sod  if  necessary,  and  the  regular  quan- 
tity of  quicksets  planted  in  it,  which  are  to  be  pro- 
tected by  the  field  row  of  posts  and  rails  before 
described :  a  tile  drain  to  be  laid  in  front  of  the 
dep6t;  it  is  to  be  thirteen  yards  long  and  ten 
inches  in  the  square.'*     (See  Plate  IV.  fig.  7*) 

Specification  for  building  Depots  with  Bricks. 

"  Four  depdts  for  holding  repairing  materials  are 
to  be  erected,  in  each  mile  of  road,  in  such  places 
as  may  be  pointed  out  by  the  inspector :  they  are 
to  be  built  of  brick,  twelve  yards  long  in  the  clear, 
three  feet  high  above  the  side  channels  of  the  road ; 
the  foundations  to  be  deep  enough  to  give  stability 
to  the  work ;  the  ends  to  be  two  yards  and  a  hdf 
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clear  at  the  bottom,  and  to  rise  one  yard  and  a  half 
at  top ;  the  thickness  of  the  back  and  ends  to  be 
nine  inches.  The  upper  course  of  bricks  are  to 
be  laid  on  edge  in  cement;  the  ends  are  to  be 
secured  by  an  oak  post  driven  three  feet  in  the 
ground,  and  rising  one  foot  above  the  sur&ce ;  the 
bottom  is  to  be  paved  with  brick  on  edge,  and  an 
oak  plank  is  to  be  set  in  front  the  whole  length  of 
the  depdt,  and  flush  with  the  upper  surface  of  the 
pavement ;  it  is  to  be  three  inches  thick  and  six 
inches  deep,  secured  at  the  ends  by  the  oak  posts 
before  mentioned,  and  strengthened  in  the  middle 
by  a  post  driven  two  feet  into  the  ground,  and  of 
a  scantling  not  less  than  four  inches  by  six  inches. 
"  The  back  and  ends  of  the  depots  are  to  have 
a  mound  of  earth  raised  behind  them  eighteen 
inches  deep  and  two  feet  wide,  and  &ced  with 
green  sod ;  in  this  mound  the  quicks  are  to  be  set, 
which  are  to  be  protected  with  one  row  of  posts 
and  rails,  as  above  described,  set  on  the  field  side. 
A  drain  is  to  be  made  in  front,  of  brick  or  tiles,  so 
as  not  to  interrupt  the  passage  of  the  water  in  the 
inner  side  drain." 

TOLL-HOUSES. 

Toll-houses  should  be  built  in  a  strong  and  sub- 
stantial manner,  and  made  suitable  and  comfortable 
for  the  persons  who  are  to  inhabit  them.  Many 
instances  might  be  mentioned  in  which  the  tolls  on 
a  road  have  been  much  increased  by  building  good 
houses.  The  following  are  the  specifications  for 
building  toll-houses  on  the  Holyhead  Road. 


ROAD    MASONRY.  195 


Spedficcdion  for  building  a'TolUhotise  at  LUmfidVy 
in  the  Island  ofAnglesea.  (Plate  IV.  fig.  8.) 

"  The  toll-house  is  to  be  built  at  the  precise 
spot  now  marked  out  on  the  ground,  and  to  be  in 
shape  and  dimensions  agreeable  to  the  above 
drawings. 

**  The  masonry  to  be  of  good  sound  rubble- 
work,  except  the  plinth,  steps,  and  sills,  which  are 
to  be  of  good  hammer-dressed  freestone,  or  slate. 
The  whole  to  be  set  in  good  lime  and  sand  mortar. 

"  The  sills  of  the  door  and  window  frames  to  be 
of  oak ;  the  rest  of  the  frames,  and  outer  wood- 
work, to  be  of  Baltic  fir,  except  the  posts  of  the 
portico,  which  are  to  be  of  sound  round  oak.  All 
inside  timber-work,  to  be  of  Baltic  fir. 

"  The  scantlings  of  timber  and  description  of 
workmanship  to  be  similar  to  those  of  the  toll-house 
at  Llandegai. 

"  The  roof  to  be  covered  with  slates,  and  the 
hips,  ridges,  and  gutters  to  be  covered  with  lead 
eighteen  inches  wide,  and  not  less  than  seven 
pounds  to  the  square  foot. 

'^  The  inside  wall  and  ceilings  to  be  plastered 
three  coats,  and  set.  The  under  side  of  the  por- 
tico, and  the  projection  of  roof,  to  be  also  ceiled 
and  plastered,  and  faced  with  a  three  and  a  half 
inch  fascia  board.  The  outside  to  be  roughcast 
and  coloured. 

**  The  portico  to  be  paved  with  pebble^  with  a 
hammer-dressed  plinth,  for  the  posts  to  stand  upon^ 
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at  least  twelve  inches  wide.     The  octagonal  lower 
room  and  the  wash-house  to  be  paved  with  tiles. 

"  All  woodwork  to  be  painted  three  times  in  oil ; 
the  inside  works  finished  white,  with  doors  and 
skirting  oak  colour,  and  the  outside  work  dark 
green. 

**  There  are  to  be  proper  grates,  with  slate 
chimney-pieces,  to  all  the  rooms. 

"  A  garden  is  to  be  fenced  round  on  three  sides, 
each  of  twenty  yards,  with  a  walk  of  the  same 
description  as  those  on  each  side  of  the  new  road. 

"  In  this  garden  a  privy  is  to  be  built,  with 
proper  roof,  dome,  seat,  &c.  complete.  There  are 
to  be  two  wrought-iron  toll-gates  hung,  one  across 
the  road  to  Plas-newydd,  and  the  other  across  that 
to  Holyhead.  There  are  also  to  be  two  turnstiles ; 
the  posts  and  rails  to  be  of  sound  oak  ;  to  be  painted 
three  times  in  oil,  white.  The  contractor  to  find 
all  the  materials  and  the  labour." 

Speci/ication  for  building  a  Toll-house  at  Shelton, 
in  the  Parish  of  St.  Chad^   in  the   County  of 
Salop. 

The  toll-house  to  be  built  on  the  spot  marked 
out  by  the  engineer,  and  agreeably  to  the  drawings. 

"  The  whole  of  the  walls,  except  the  plinth, 
steps,  and  window  sills,  are  to  be  of  good  sound 
brick-work,  to  be  laid  solid  in  good  mortar,  com- 
posed of  lime  and  sand ;  and  the  outer  joints  to  be 
neatly  struck  with  the  trowel.  The  plinth,  steps, 
and  window  sills  to  be  of  neatly  tooled  freestone. 
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"  The  rooms  numbered  1.  and  2.  on  the  plan 
are  to  be  floored  with  paving  tile,  well  bedded  in 
mortar.  Those  numbered  3.  and  4.  are  to  have 
joists  of  batten  fir,  sixteen  inches  from  centre  to 
centre,  seven  inches  deep,  and  two  inches  and  a 
half  tliick,  and  to  be  covered  with  wrought-inch 
board  of  fir  or  poplar.  All  the  ceilings  to  have  joists 
not  less  than  three  inches  by  two  inches,  and  the 
roof  to  have  rafters  of  the  same  dimensions,  with 
purloins  four  inches  square  under  the  whole  of 
them.  The  ceiling,  joists,  and  rafters  to  be  sixteen 
inches  from  centre  to  centre.  Hips  and  ridges  to 
be  one  inch  and  a  half  by  eight  inches,  and  raised 
to  receive  the  lead.  The  wall  plates  to  be  four 
inches  and  a  half  by  two  inches  and  a  half. 

"  The  roof  to  be  covered  with  good  slate,  nailed 
on  two-inch  sawn  lath,  and  to  be  rough-rendered 
inside.  All  the  hips  and  ridges  to  be  covered  with 
lead,  fifteen  inches  wide,  and  not  less  than  five 
pounds  to  the  foot,  and  valleys  not  less  than  six 
pounds  to  the  foot 

"  All  ceilings  to  be  plastered  on  heart  lath,  two 
coats,  floated  and  set. 

"  Walls  to  have  two  coats,  rendered  and  set. 
The  under  side  of  the  portico  and  projection  of 
the  roof  to  be  also  ceiled  and  plastered,  and  faced 
with  a  three  inch  and  a  half  fascia  board. 

"  All  ceilings  and  plastered  walls  to  be  white- 
washed, to  have  six-inch  skirting  round  all  the 
rooms,  of  fir,  one  inch  thick. 

"  Outer  door  frames  to  be  of  oak,  four  inches 
square.     The  front  door  to  be  two  inches  thick, 
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six-panelled,  square,  and  rusticated.  The  back 
door  to  be  of  one  inch  and  a  half  deal,  ledged, 
ploughed,  tongued,  and  beaded. 

"  Inner  door  frames  to  be  of  fir,  not  less  than 
four  inches  by  three  inches.  Inner  doors  of  one 
and  a  half  inch  fir,  six-panelled.  Window  frames 
to  have  oak  sills,  and  the  rest  of  the  framing  to  be 
of  fir,  glazed  with  best  second  diamond  fashion  in 
lead,  with  quartered  oak  casements,  and  iron  saddle 
bars. 

"  There  is  to  be  a  five  eighth  of  an  inch  beaded 
angle  stafi^  at  every  external  angle  of  the  plastering. 

"  All  timber  work,  except  where  otherwise  ex- 
pressed, to  be  of  Baltic  fir. 

"  The  porch  to  be  supported  with  oak  or  larch 
poles.  All  the  timber  work  usually  painted  to  be 
painted  three  times  in  oil.  The  inner  doors  and 
skirtings  to  be  finished  chocolate  colour ;  the  rest 
of  the  interior  to  be  white ;  all  the  outside  to  be 
painted  dark  green. 

"  Grates  must  be  fixed  in  the  fireplaces,  each 
of  which  must  have  stone  hearths,  jambs,  and 
mantels. 

"  All  doors  and  windows  to  have  proper  locks, 
hangings,  and  fastenings;  and  the  whole  house 
to  be  finished  in  a  complete  and  workmanlike 
manner. 

"  A  privy  must  be  built  near  the  house,  with 
proper  seats,  roof,  door,  &c.  complete,  to  be  placed 
in  such  situations  as  may  be  pointed  out  by  the 
commissioners'  engineer  or  his  assistant." 
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Specification  of  a  TolUhotLse^  built  near  Coventry^ 
on  the  New  Road.     (Plate  V.  fig.  1.) 

"  The  precise  situation  to  be  marked  out  by  the 
chief  engineer  of  the  parliamentary  commissioners, 
or  the  resident  engineer:  it  is  to  be  constructed 
agreeably  to  the  annexed  plan  and  following  par- 
ticulars :  — 

"  The  excavation  of  ground  for  the  walls  to  be 
of  sufficient  depth  to  obtain  a  solid  foundation ;  the 
whole  of  the  walls  to  be  formed  at  the  same  depth, 
and  the  earth  to  be  firmly  pinned  up  to  them  after 
they  are  built." 

Brickwork, 

"  The  exterior  walls  are  to  be  two  bricks  in 
thickness  at  the  foundation,  and  be  continued  at 
that  thickness  up  to  six  inches  above  the  outside 
ground  line,  where  there  must  be  an  offset,  on  the 
inside,  of  two  inches  and  a  quarter :  at  six  inches 
above  the  floor  line,  or  twelve  above  the  outside 
ground  line,  there  must  be  another  offset  on  the 
outside,  so  as  to  bring  all  the  walls  to  be  a  brick 
and  a  half  in  thickness,  which  thickness  is  to  be 
continued  to  the  roof.  At  the  height  of  nine  feet 
above  the  floor  line,  and  ten  above  the  outside 
ground  line,  all  the  brickwork  to  be  of  sound 
stocks  laid  in  well-wrought  mortar,  composed  of 
one  part  of  good  lime  and  two  of  clean  sharp 
sand;  the  two  middle  rooms  to  be  laid  witii 
good  paving  bricks ;  the  chimney-shaft  above  the 
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roof  to  be  half  a  brick  in  thickness,  finished 
with  proper  coping ;  all  the  flues  to  be  pargetted 
smooth." 

Carpenteri  Work. 

"  For  the  roof,  which  is  to  rise  a  quarter  of  the 
span,  all  the  rafters  are  to  be  four  inches  deep,  two 
inches  in  thickness,  and  laid  at  the  distance  of  six- 
teen inches  from  centre  to  centre ;  the  hip,  ridge, 
and  gutter  pieces  to  be  six  inches  deep,  and  one 
inch  and  a  half  thick ;  the  ceiling  joists  to  be  the 
same,  laid  at  the  same  distance,  and  framed  to  the 
rafters. 

"  The  two  bedrooms  to  have  flooring  joists  of 
the  same  dimensions  and  distance  as  the  rafters, 
and  laid  with  inch  deals,  folding-wrought,  and 
nailed.  The  fi*ont  and  back  door  sills  are  to  be  of 
oak,  nine  inches  by  six  inches,  and  three  inches  iu 
the  walls.  Window  sills  to  be  of  oak,  nine  inches 
by  three  inches,  with  a  weathering  of  one  inch. 

"  The  fi*ont  and  back  door  frames  to  be  of  oak, 
four  inches  square,  framed,  rebated,  and  beaded. 

"  Interior  door  frames  to  be  of  fir,  four  inches 
by  three  inches,  framed,  rebated,  and  beaded.  All 
window  frames  to  be  of  fir,  three  inches  square, 
with  two  mullions  in  each,  three  by  two  inches, 
rebated  and  moulded,  for  lead  lights ;  all  the  rooms 
to  have  six-inch  ovolo  skirting,  one  inch  thick, 
with  proper  grounds ;  all  angles  inside  to  have  a 
three-quarter  inch  bead,  with  quirks  wrought  in 
plastering." 
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Slaters'  Work. 

"  The  roof  to  have  sawn  laths,  two  inches  by 
half  an  inch,  and  to  be  covered  with  the  best 
countess  slates,  laid  in  a  proper  manner,  and  fixed 
with  clout  nails.  A  two-inch  beaded  fascia  to  be 
run  along  the  ends  of  the  rafters,  which  is  to  be 
bracketed  underneath.  The  projection  to  be  fif- 
teen inches ;  the  slating  to  be  pointed  in  the  inside 
with  plaster  mortar;  the  wall  top  to  be  beam- 
filled." 

Joiners*  Work, 

"  The  front  door  to  be  six-panelled,  bead,  flush, 
and  square,  two  inches  thick ;  the  back  door  to  be 
four-panelled,  square,  and  rusticated,  one  inch  and 
a  half  thick.  The  interior  doors  four-panelled, 
square,  one  inch  and  a  half  thick ;  all  the  wood- 
work (except  where  specified  to  be  of  oak)  to  be 
of  sound  Baltic  fir.  All  framed  and  outside  work 
to  be  of  yellow  fir,  as  well  as  flooring  boards." 

Plasterer^  Work. 

"  All  the  walls  inside  to  be  rendered,  floated, 
and  set,  also  the  outside  of  the  blank  windows. 
All  ceilings  to  have  two  coats  on  sound  heart  laths, 
and  be  properly  set.  All  the  plastering  to  be  after- 
wards whitewashed  two  coats." 

Plumberi^  Paintersf,  and  Glazier^  Work. 

"  All  hips,  ridges,  and  gutters  of  the  roof  to  be 
covered  with  lead,  fifteen  inches  in  breadth,  and 
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not  less  than  7  lbs.  to  the  superficial  foot.  All 
door  frames,  window  frames,  skirtings,  angle  beads, 
&scia,  and  all  wood  and  iron  work  whatever,  to  be 
painted  three  coats  in  oil ;  the  doors  and  skirtings 
to  be  finished  an  oak  colour.  The  windows  to 
have  small  diamond  glass,  in  lead  and  iron  case- 
ments." 

Inmnumgery. 

*'  There  are  to  be  iron  frames  for  lead  lights  for 
all  the  windows;  the  middle  to  be  an  opening 
casement,  with  proper  hinges  and  fastenings.  The 
front  and  back  doors  to  be  hung  with  four-inch 
best  buts,  and  each  to  have  a  strong  rim  lock,  and 
two  bright  bolts  ;  all  the  inner  doors  to  be  hung 
with  three  inches  and  a  half  buts,  and  each  to  have 
a  strong  rim  lock. 

"  Plain  square  grates  to  be  fixed  in  each  of  the 
fireplaces." 

Miscellaneom  Matters, 

"  All  the  fireplaces  to  have  neat,  plain,  square 
stone  jambs,  lintels,  and  mantels. 

**  A  toll  board  to  be  made  and  painted  with  the 
rates  of  tolls,  and  fixed  up  where  directed  by  the 
engineer. 

"  The  contractor  to  find  all  materials  and  labour, 
and  finish  the   whole  to   the  satisfaction   of  the 
before-mentioned  engineer,  on  or  before  the 
day  of 
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TOLL-GATES  AND  BARS. 

A  toll-gate  should  never  be  placed  on  a  hill  or  at 
the  bottom  of  one.  When  going  up  hill,  the  horses 
must  make  a  great  exertion  to  put  a  carriage  in 
motion  after  being  stopped  at  a  toll-gate.  Many 
fatal  accidents  have  occurred  from  having  toll-gates 
just  at  the  bottom  of  hills. 

When  circumstances  render  it  unavoidable  that 
a  toll-gate  should  be  placed  at  the  bottom  of  a  hill, 
the  gateway  should  be  very  wide.  If  a  single  gate 
be  used,  it  should  not  be  less  than  jfifteen  feet  in 
the  clear :  but,  in  such  a  situation,  it  is  much  better 
to  make  double  gates,  meeting  in  the  middle, 
without  a  centre  post ;  by  these  means  an  opening 
may  easily  be  had  of  from  twenty-four  to  thirty  feet 
in  the  clear. 

Toll-gates  should  be  painted  white,  to  make  them 
more  easily  seen  in  the  night-time.  They  are  fre- 
quently  made  too  high.  When  this  is  the  case, 
they  are  expensive  and  imsightly,  and  their  addi- 
tional weight  acts  as  a  powerful  leverage  in  straining 
and  pulling  the  hanging  post  out  of  its  place. 

The  toll-gates  erected  by  the  parliamentary  com- 
missioners at  South  Mims,  and  on  the  Coventry 
road,  are  only  four  feet  six  inches  high  :  they  open 
to  sixteen  feet  in  the  clear  (Plate  V.  fig.  2.) ;  they 
are  hung  on  posts  made  of  the  best  oak,  sunk  five 
feet  in  the  ground,  and  secured  by  brickwork  and 
struts ;  there  are  also  two  bars  passing  diagonally 
from  post  to  post,  by  which  means  they  are  firmly 
braced  together. 
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These  gates  are  hung  on  CoUinge's  patent  hinges, 
which  are  particularly  fit  for  this  purpose ;  tiiey 
run  about  five  feet  along  the  upper  and  under  rail 
of  the  gate,  and  are  connected  by  a  diagonal  piece 
of  metal,  carried  from  the  bed  of  the  lower  hinge 
to  the  point  of  the  upper  one,  in  order  to  prevent 
the  gate  from  sinking.  The  balls  of  the  hinges  are 
cast  with  the  caps  and  plinths  of  the  posts,  so  that 
the  posts  are  not  weakened  by  holes  or  mortices,  as 
in  the  usual  manner  of  hanging  gates.  The  caps 
and  plinths  of  metal  are  also  a  great  security  to  the 
posts,  by  preserving  them  from  the  efiects  of  the 
weather,  and  by  preventing  the  wheels  of  carriages 
from  chafing  their  angles. 

Flapping  posts  are  set  in  the  ground  at  proper 
places,  to  prevent  the  gates  from  opening  too  far, 
and  straining  the  hinges ;  these  posts  are  about  two 
feet  and  a  half  above  the  ground,  and  two  feet  in 
it.  Catches  or  clicks  are  let  into  these  posts,  to 
hold  the  gates  open  when  thrown  back;  these 
catches  project  about  two  inches  from  the  side  of 
the  posts,  and  turn  on  a  pin  within  the  post,  the 
inner  end  of  the  catch  being  made  heavier  than  the 
outer,  and  always  throws  that  end  up,  and  by  that 
means  it  takes  hold  of  the  bottom  of  the  lower  bar 
of  the  gate,  by  a  notch  cut  in  it  for  that  purpose : 
by  making  the  catches  in  this  way,  they  are  out  of 
the  reach  of  injury.  In  the  common  way  they  are 
put  on  the  top  of  the  posts,  from  which  they  project 
six  or  seven  inches ;  in  consequence  of  which  they 
are  frequently  torn  off  by  wheels  of  carriages  and 
waggons. 
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LAMPS. 

All  toll-gates  should  be  well  lit;  and  for 
this  purpose  nothing  is  better  than  a  lamp  made 
similar  to  the  best  coach  lamp,  with  powerfiil  re- 
flectors,  and  large  air  holes.  These  lamps  are 
found  to  be  economical,  and  to  answer  every  pur- 
pose ;  they  should  be  about  ten  inches  high,  and 
seven  inches  square  in  the  clear ;  they  cost  about 
1/.  7^-  each. 

MILESTONES. 

Milestones  are  convenient  and  agreeable  to  tra- 
vellers, and  useful  in  enabling  coachmen  to  keep 
their  time  with  accuracy.  They  are  also  service- 
able in  assisting  road  surveyors  in  laying  out  and 
measuring  work.  They  should  be  made  of  very 
hard  stone  of  a  light  colour,  and  should  be  much 
larger  than  they  usually  are,  in  order  that  they  may 
be  readily  seen,  and  have  space  enough  for  large 
figures ;  for  if  they  are  not  large  it  is  difficult  when 
going  fast  to  read  them.  A  drawing  of  a  proper 
shaped  milestone  is  given  in  Plate  V.  Fig.  4. 

The  figures  XIV.  in  this  drawing  show  the 
distance  from  London,  but  though  large,  they  are 
not  large  enough,  and  therefore  it  would  be  better 
on  all  main  roads  from  London  to  have  on  the 
plate  only  the  distance  from  London,  in  the  largest 
figures  the  plate  will  admit  of. 
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CHAPTER  VIII. 

MANAGEMENT  OF  ROAD  WORKS. 

VIThen  a  new  road  is  to  be  made,  as  soon  as  the 
precise  line  of  it  is  finally  determined  upon,  the 
following  circumstances  should  be  particularly 
attended  to. 

I.  Drawings  should  be  made  to  show,  1st,  the 
natural  surface  of  the  ground ;  2ndly,  the  longitu- 
dinal inclinations  of  the  proposed  road ;  3dly,  the 
slopes  of  the  cuttings  and  embankments ;  4thly,  the 
form  of  the  bed  of  the  road  and  footpath ;  and, 
5thly,  the  courses  of  materials  to  be  laid  on,  and 
the  thickness  of  each  course. 

Drawings  should  also  be  made,  describing  the 
plans  of  the  bridges,  culverts,  cross  drains,  inlets, 
outlets,  depots,  and  fences  which  are  required  to 
be  made. 

II.  A  specification  should  be  prepared,  to  ex- 
plain in  detail  the  precise  method  of  executing 
every  part  of  the  work. 

III.  After  the  specification  has  been  settled,  an 
estimate  should  be  made  of  the  expense  to  be 
incurred. 

The  following  is  the  estimate  for  making  part  of 
the  Holyhead  Road,  near  Coventry :  — 
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FIRST  division: 

Seven  Stars  to  Coventry, 

£ 

«. 

d. 

£      9.    d. 

To  removing  26,790  cubic  yards  of 

earth,  at  9ci        - 

1,004* 

12 

6 

To  1,882  lineal  yards  road-making, 

atl58.6d* 

1,458 

11 

0 

To  1,882  lineal  yards  of  fencing, 

at  5*. 

470 

2 

0 

To  drains            -              -            - 

50 

0 

0 

To  fomiing        -            - 

100 

0 

0 

To  sodding            -            -            - 

100 

0 

0 

To  dep6ts        ,          -          .         - 

48 

0 

0 

To  bridge        .          •        - 

670 

0 

0 

To  side  roads        -             -            - 

20 

0 

0 

To  gates         -          -            -        - 

8 

0 

0 

To  5,200  cubic  yards   extra  em- 

bankment, at  6d. 

130 

0 

0 

To  extra  carriage  of  Hartshill  stone 

81 

0 

0 

4,140    5    6 

SECONB  division: 

*  ^  *    ^r^^               %^               ^^ 

Cove$Ury  to  AUesley, 

To  removing  38,990  yards  of  earth. 

at9rf.      - 

1,462 

2 

6 

To  3,760  lineal  yards  road-making, 

at  15*.         -         .          -          . 

2,820 

0 

0 

To  3,760  lineal  yards  of  fencing, 

at  5#.        - 

940 

0 

0 

To  drains         -         -         . 

95 

0 

0 

To  forming         -             -               - 

100 

0 

0 

To  sodding        -                 -            - 

156 

0 

0 

To  gates        -             -          -         . 

16 

5 

0 

To  side  roads        -            -            - 

19 

0 

0 

To  Allesley  bridge 

82 

3 

6 

To  skew  culvert        -          -          . 

150 

0 

0 

Todep6ts        -        .          .          . 

96 

0 

0 

Miles.  Tards. 

Length     of    First  )    ,     ^^q 

Division  -        .  ;    ^     ^^^ 

5,936  11  0 

10,076  16  6 

Length  of  Second  l    «    040 
Division  -         -  J 

Total  Length    -     3     362 

*  The  fttoDes  used  for  this  road  were  brought  eight  miles,   from  the 
quarries  at  Hartshill  near  Nuneaton. 
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IV.  The  next  step  to  be  taken  is  to  make  a  con- 
tract for  executing  the  work. 

Contract  work  is  commonly  supposed  to  be  pre- 
ferable to  other  work,  for  no  other  reason  than 
because  it  is  the  cheapest,  but  experience  shows 
that,  when  it  is  properly  regulated,  it  is  by  far  the 
best  mode  of  securing  sound  and  durable  work. 
This,  however,  will  not  be  the  case  if  the  contracts 
and  specifications  are  prepared  by  unskilful  and  in- 
experienced persons,  if  inspection  is  omitted,  and 
if  the  contractors  are  driven  by  excess  of  compe- 
tition to  make  bad  bargains. 

But  if  the  plans,  specifications,  and  estimates  for 
making  a  road  are  properly  prepared,  then  the 
most  safe  and  satisfactory  way  of  having  the  work 
properly  executed  will  be  by  letting  it  to  a  con- 
tractor. 

As  there  is  no  difiiculty  in  making  an  accurate 
estimate  of  the  sum  which  a  new  road  ought  to 
cost,  if  a  contractor  of  established  reputation  for 
skill  and  integrity,  and  possessing  sufficient  capital, 
is  willing  to  undertake  the  work  for  the  estimated 
sum,  it  will  always  be  decidedly  better  to  make  an 
agreement  with  him  than  to  advertise  for  tenders. 

If  a  contractor  cannot  be  got  possessing  the  qua- 
lifications which  he  ought  to  have  to  justify  a  pri- 
vate arrangement,  then  an  advertisement  must  be 
had  recourse  to.  But  when  tenders  are  delivered 
in,  it  is  very  important  to  take  care  to  act  upon 
right  principles  in  making  a  selection  from  them. 
The  skill,  integrity,  and  capital  of  the  persons  who 
make  the  tenders  should  invariably  be  taken  intp 
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consideration,  as  well  as  the  prices  which  they 
offer ;  for  if  a  contractor  is  selected  without  skill, 
or  integrity,  or  capital,  merely  because  his  tender 
is  for  the  smallest  sum,  the  consequence  will  in- 
evitably be  imperfect  work,  every  kind  of  trouble 
and  disappointment^  and  frequently  expensive 
litigation. 

The  true  principle  to  go  upon  in  selecting  a 
contractor  is  to  lean  in  favour  of  liberal  terms,  and 
rather  to  overpay  than  underpay  him.  He  should 
be  made  quite  confident  by  his  bargain  that  he 
will  receive  a  fair  profit  for  his  time  and  labour ; 
he  will  then  embark  in  his  work  with  spirit,  and 
be  led  by  a  desire  to  gain  reputation  to  perform 
his  agreement  to  the  satisfaction  of  all  parties ;  but 
when,  in  following  an  opposite  principle,  a  con-^ 
tractor  is  led  by  competition  to  undertake  a  work 
for  a  price  that  is  too  low,  he  starts,  from  the  com- 
mencement, by  having  recourse  to  every  species  of 
contrivance  for  avoiding  the  fair  fulfilment  of  what 
he  is  required  to  perform ;  every  thing  is  done  in 
an  imperfect  way ;  sub-contracts  are  made  at  in- 
adequate prices ;  a  continual  contest  is  carried  on 
between  the  contractor  and  the  inspector,  and  most 
commonly  the  whole  terminates  in  a  law  suit,  the 
ruin  of  the  contractor  and  his  securities,  and  great 
loss  to  tradesmen  and  others  by  debts  due  by  the 
contractor  and  his  workmen. 

V.  Afler  fixing  upon  a  contractor,  a  deed  of  con- 
tract is  to  be  prepared.  In  this  the  contractor 
should  be  bound  to  execute  the  work  not  only 
according  to  the  general  conditions  contained  in 
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the  deed,  but  also  according  to  drawings  and  spe- 
cifications to  be  annexed  to  it 

The  deed.should  contain  a  clause  to  provide  that 
no  deviation  should  be  made  from  it  or  the  speci- 
ficatioiYs,  except  by  agreement  in  writing ;  and  also 
a  clause  to  provide  for  settling  all  disputes  by  arbi- 
tration. The  other  clauses  which  are  fit  to  be  m- 
serted  in  the  deed  will  hereafter  be  shown,  by 
inserting  an  exact  copy  of  a  deed,  according  to 
which  several  portions  of  the  Holyhead  Road  have 
been  made. 

VI.  Before  the  work  is  commenced,  an  inspector 
should  be  appointed  to  lay  out  the  work,  to  settle 
the  levels,  and  to  see  that  every  particular  thing 
required  to  be  done  is  done  precisely  according  to 
the  specifications. 

A  person  to  be  qualified  to  act  as  an  inspector 
of  a  contract  should  have  considerable  experience 
as  a  civil  engineer ;  he  should  be  strictly  sober  and 
honest,  and  of  reserved  habits;  he  should  avoid 
familiarity  with  those  he  is  placed  over ;  his  dispo* 
sition  should  be  somewhat  inclined  to  be  severe, 
but  he  should  be  actuated  at  all  times  by  the 
highest  principles  of  justice  and  honesty  in  his 
conduct 

A  chief  engineer  who  is  engaged  in  conducting 
public  works  will  owe  his  success  in  great  measure 
to  the  skill  and  care  with  which  he  selects  the  in- 
spectors of  his  contracts.  The  necessity  of  making 
such  selections  forms  an  essential  part  of  his  occu- 
pation, and  requires  considerable  talents  to  direct  it 
Above  all  things,  a  chief  engineer  should  possess 
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the  quality  of  securing  implicit  obedience  from  those 
under  him,  by  showing  a  decided  superiority  in  the 
knowledge  of  his  profession,  and  by  acting  with 
unsparing  severity  whenever  the  occasion  may 
require  it. 

VII.  It  is  of  importance  to  arrange  the  mode  of 
paying  a  contractor  with  punctuality ;  by  doing  so 
he  may  be  kept  more  under  control,  and  he  will 
be  able  to  perform  his  engagements  in  a  more  com- 
plete manner.  For  this  purpose  the  deed  of  con- 
tract shcflild  [provide  that  the  work,  as  it  proceeds, 
should  be  measured  by  the  inspector  every  fourth 
week,  and  that  a  certificate  should  be  given  by  him 
to  the  contractor  for  the  value  of  the  work  that  he 
finds  executed  according  to  the  terms  of  the  con- 
tract, deducting,  in  each  certificate,  one  tenth  part 
of  the  sum,  to  be  withheld  till  the  whole  work  be 
finished.  This  plan  aiSbrds  the  best  description  of 
security  for  the  fiiithful  performance  of  a  contract. 

If,  in  place  of  acting  upon  a  regular  plan  of  pay- 
ing  a  contractor,  he  is  kept  out  of  his  money,  he 
will  often  be  placed  in  difficulties,  and  rendered 
incapable,  however  wiUing,  to  perform  the  condi- 
tions of  his  contract  in  a  perfect  manner. 

As  nothing  can  contribute  more  eflfectually  to 
explain  the  proper  manner  of  constructing  a  road 
than  the  deeds  and  drawings  according  to  which 
good  roads  have  been  made,  an  exact  copy  will  be 
now  inserted  of  the  deed  of  contract  according  to 
which  upwards  of  three  miles  of  road  were  made 
by  the  Parliamentary  Commissioners  of  the  Holy- 
head Road  near  Coventry.     As  this  deed  was  pre- 
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w'\ig*'A  rifWjUi:.  u*w  t  !#*:  i:iIi:«¥^L 


♦/>;  t/<J*.  j4fcr  f  yjc::.  K.*^jiv-  cc  tr^:  f arise  cc  >if^- 
••'>fV,,  ;/*  t/>:  wr>j  ijm^Ti  Of  Wirm-l-ck,  esquire.  «X 
t>^r  H'^jhA  [MX ;  aryl  Alex2ciid&r  MEr>e.  cc  Wbi»- 
\0S$l\^  in  ti*/r  ^yyiifity  of  Middlesex,  esq-jire,  ec 
Mtkii  i4  Uitf:  ry>rrfrriLi^,iorieT>  acting  in  excciztkn  cc 
ki$  i$/:i.  iX  ifsuimnetit  \jcttsed  in  the  eighth  year  oi 
i\u'.  r^-ijfri  //  IliA  |ire«>erit  Majesty  King  George  the 
y^mnUf  iuuUiU:iL,  **  An  Act  for  the  fiirther  improve- 
t$umi  iA'  the  road  from  I»ndon  to  Holyhead,  and 
iA*  Uic  xim\  fnnn  Ijmdcm  to  Liverpool^"  to  whom 
tUi:  md  Ahfxarider  Milne  i.s  secretary,  of  the  third 
|mrt.  WhirrcaK  ttie  naid  commissioners  having 
cmtkiul  it  to  lie  made  public  that  they  would 
ti*v4'.mi  pro|)osals  for  making,  forming,  and  com- 
|»l<rting  two  new  pieces  of  road,  one  commencing 
ut  or  naar  ilie  Seven  Stars  public  house  at  Whitby, 
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in  the  county  of  the  city  of  Coventry,  at  the  spot 
distinguished  on  the  map  or  plan  here  annexed  by 
by  the  letter  A,  and  extending  from  thence  to  the 
present  road  opposite  Lygon's  mills,  where  it  termi- 
nates at  the  spot  marked  on  the  said  map  or  plan  by 
the  letter  B ;  and  the  other  new  piece  of  road 
commencing  in  Spon  Street,  near  St.  John's 
Church,  in  the  said  city  of  Coventry,  at  the  spot 
distinguished  on  the  said  map  or  plan  by  the  letter 
C,  and  extending  from  thence  to  the  village  of 
AUesley  in  the  said  county  of  Warwick,  where  it 
terminates  at  the  spot  marked  on  the  said  map  or 
plan  by  the  letter  D  ;  and  the  several  drains,  walls, 
culverts,  bridges,  fences,  embankments,  field-gates, 
and  works  connected  with  the  said  new  road, 
according  to  the  specifications  and  general  obser- 
vations comprised  and  set  forth  in  the  first  sche- 
dule hereunder  written,  and  the  plans  and  sections 
hereunto  annexed,  he  the  said  Thomas  Baylis 
delivered  in  the  proposal  contained  in  the  second 
schedule  hereunder  written  for  executing  the  said 
roads,  drains,  walls,  culverts,  bridges,  fences,  em- 
bankments, field-gates,  and  works  in  manner  afore- 
said, and  at  the  prices  or  sums  mentioned  in  the 
same  proposal ;  and  the  said  proposal  having  been 
duly  accepted  by  the  said  commissioners,  he  the 
said  Thomas  Baylis  hath  agreed  to  enter  into  the 
covenants  herein-after  contained  for  the  due  per- 
formance thereof  respectively ;  and  the  said  John 
Kershaw  hath,  at  his  request^  agreed  to  become 
his  surety  in  manner  and  to  the  extent  herein-after 
mentioned ;  and  the  said  Alexander  Milne,  on  the 
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part  of  said  commissioners,  hath  agreed  to  enter 
into  such  stipulations  as  are  herem-afler  mentioned 
witli  respect  to  the  payment,  in  manner  and  at  the 
time  herein-afler  mentioned,  of  the  consideration 
money  to  be  paid  to  the  said  Thomas  Baylis.  Now 
therefore  these  presents  witness,  that  in  pursuance 
of  the  said  proposal  herein-before  referred  to,  and 
in  consideration  of  the  sum  of  ten  thousand  and 
seventy-six  pounds  sixteen  shillings  and  sixpence 
(the  sum  mentioned  in  the  said  proposal),  to  be 
paid  as  herein-after  mentioned,  he  the  said  Thomas 
Baylis  doth  hereby,  for  himself,  his  heirs,  executors, 
and  administrators,  in  manner  following  (that  is  to 
say),  that  he  the  said  Thomas  Baylis,  his  executors 
or  administrators,  shall  and  will  forthwith  under- 
take, and  with  diligence  proceed  in  the  execution 
of,  and  duly  complete  or  cause  to  be  completed  on 
or  before  the  25th  day  of  March  which  will  be  in 
the  year  of  our  Lord  one  thousand  eight  hundred 
and  twenty-eight,  the  said  first-mentioned  piece  of 
road  between  the  Seven  Stars  public  house  and 
Little  Park  Street  aforesaid,  and  shall  and  will 
forthwth  undertake,  and  with  diligence  proceed  in 
the  execution  of,  and  duly  complete  or  cause  to  be 
completed  on  or  before  the  twenty-fifth  day  of 
March  which  will  be  in  the  year  of  our  Lord  one 
thousand  eight  hundred  and  twenty-nine,  the  said 
secondly  herein-before  mentioned  piece  of  road 
between  Spon  Street  and  the  village  of  Allesley 
aforesaid,  together  with  all  and  singular  the  drains, 
walls,  culverts,  bridges,  fences,  embankments,  field- 
gates,  and  other  the  works  in  the  said  first  schedule 
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mentioned,  according  to  the  specifications  and 
general  observations  contained  in  the  same  sche- 
dule»  and  the  plans  and  sections  hereto  annexed^ 
and  at  the  price  or  sum  mentioned  in  the  said  pro- 
posal contained  in  the  said  second  schedule ;  and 
further,  that  the  said  Thomas  Baylis  shall  and  wiU, 
in  all  respects,  faithfully,  readily,  and  diligently 
abide  by,  observe,  perform,  and  keep  the  said 
several  terms  and  stipulations  mentioned  in  the 
said  specifications  and  general  observations,  and 
pursue  the  said  plans  and  sections  according  to  the 
true  intent  and  meaning  thereof,  and  shall  not  nor 
will  make  any  deviation  therefirom  without  the 
licence,  consent,  and  approbation  of  the  engineer 
for  the  time  being  of  the  said  commissioners,  in 
writing,  for  that  purpose  first  had  and  obtained ; 
and  that  the  said  Thomas  Baylis,  or  some  experi* 
cnced  and  responsible  person  on  his  part,  shall 
from  time  to  time  pay  due  personal  attendance  to 
the  said  several  works,  as  the  same  shall  be  carrying 
on,  and  shall  at  proper  times  be  ready  to  be  con- 
ferred with  by  the  inspector  appointed  by  the  said 
commissioners ;  and  these  presents  further  witness, 
that  in  pursuance  of  the  said  agreement  on  this 
behalf,  and  in  consideration  of  the  premises,  he 
the  said  Alexander  Milne  doth  hereby  for  himself, 
his  executors  and  administrators,  covenant,  promise, 
and  agree  with  and  to  the  said  Thomas  Baylis,  his 
executors,  administrators,  and  assigns,  in  manner 
following ;  (that  is  to  say,)  that  in  case  he  the  said 
Thomas  Baylis  shall  and  do  well  and  truly  perform 
and  keep  the  several  stipulations  and  agreements 
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herein  contained,  referred  on  the  part  of  him  the 
said  Thomas  Baylis,  his  executors  or  administrators* 
to  be  performed  and  kept  according  to  the  true 
intent  and  meaning  of  these  presents,  then  they 
the  said  commissioners  for  the  time  being,  or  such 
person  or  persons  as  shall  from  time  to  time  be 
appointed  by  them  for  that  purpose,  shall  and  will 
well  and  truly  pay  or  cause  to  be  paid  unto  the 
said  Thomas  Baylis,  his  executors,  administrators, 
or  assigns,  the  said  sum  of  ten  thousand  and 
seventy-six  pounds  ten  shillings,  in  manner  herein- 
after mentioned ;  (that  is  to  say,)  at  the  end  of  each 
twenty-eight  days  from  the  time  when  the  making 
of  the  said  roads  or  works  shall  be  begun  upon 
as  aforesaid,  and  shall  pay  or  cause  to  be  paid  to 
the  said  Thomas  Baylis,  his  administrators,  exe- 
cutors, or  assigns,  nine  tenth  parts  of  the  sum 
which  shall  be  payable  in  respect  of  or  be  taken  as 
the  consideration  for  the  work  that  shall  have  been 
done  in  the  course  of  the  twenty-eight  days  imme- 
diately preceding ;  and  further,  that  for  the  pur- 
pose of  ascertaining  how  much  of  the  said  sum  of 
ten  thousand  and  seventy-six  pounds  ten  shillings 
shall  be  taken  for  the  consideration  for  each 
twenty-eight  days  work,  the  engineer  for  the  time 
being  of  said  commissioners,  or  his  assistants,  shall, 
at  the  end  of  each  twenty-eight  days,  measure  the 
work  done,  or  otherwise  estimate  the  same,  and 
shall  report  or  state  how  much  of  the  said  sum  of 
ten  thousand  and  seventy-six  pounds  ten  shillings 
ought  to  be  taken  as  the  consideration  for  the  work 
done  during  the  twenty-eight  days  immediately 
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preceding  each  such  admeasurement  or  other  esti- 
mate, and  that  the  nine  tenth  parts  of  such  stated 
or  reported  price  or  consideration  shall,  immedi- 
ately after  each  such  admeasurement  or  other  esti- 
mate, be  paid  to  the  said  Thomas  Baylis,  his  exe- 
cutors, administrators,  or  assigns  as  aforesaid* ; 
and  further,  that  within  one  month  after  the  whole 
of  the  said  roads,  drains,  walls,  culverts,  bridges, 
fences,  embankments,  field-gates,  and  works  shall 
be  completed,  according  to  the  true  intent  and 
meaning  of  these  presents,  all  the  residues  which 
shall  then  remain  unpaid  of  the  said  sum  of  ten 
thousand  and  seventy-six  pounds  ten  shillings  shall 
be  paid  to  the  said  Thomas  Baylis,  his  executors, 
administrators,  or  assigns ;  and  the  said  John  Ker- 
shaw, in  pursuance  of  the  said  agreement  in  this 
behalf,  doth  hereby  bind  himself,  his  heirs,  exe- 
cutors, and  administrators,  unto  the  said  Alexander 
Milne,  his  executors,  administrators,  and  assigns, 
in  the  sum  of  twenty  thousand  pounds,  to  be  paid 
to  the  said  Alexander  Milne,  his  executors,  adminis- 
trators, or  assigns,  by  the  said  John  Kershaw,  his 
heirs,  executors,  or  administrators! :  Provided,  and 
it  is  hereby  agreed  and  declared,  that  if  he  the  said 
Thomas  Baylis,  his  executors  and  administrators, 
shall  duly  observe,  perform,  and  keep  the  cove- 

*  A  clause  should  be  added  to  provide  that  when  each 
monthly  measurement  and  estimate  are  made,  the  contractor 
should  declare  what  claims  he  may  have  for  any  extra  work. 

f  In  subsequent  contracts  less  security  was  required,  the 
stopping  of  the  one  tenth  of  each  month's  payment  being  found 
the  best  security. 
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tiants  and  agreements  herein  contained  on  his  and 
their  parts,  then  the  above  written  obligation  on 
the  part  of  the  said  John  Kershaw  shall  be  void, 
or  otherwise  shall  remain  in  full  force ;  and  it  i& 
hereby  further  covenanted,  concluded,  and  agreed, 
that  in  case  any  addition,  alteration,  or  deviation 
shall  be  made  at  the  desire  of  the  said  engineer,  in 
writing,  to,  in,  or  from  the  plans  or  particulars,  or 
either  of  them,  every  such  addition,  alteration,  or 
deviation  shall  be  paid  for  separately,  and  shall  be 
subject  to  the  like  agreement,  with  respect  to 
materials  and  workmanship,  as  herein-before  con- 
tained with  respect  to  the  making  and  completion 
of  the  roads  and  works,  according  to  the  aforesaid 
plans  and  particulars,  and  as  if  such  additions, 
alterations,  and  deviations  had  formed  part  of  and 
been  specified  in  such  plans  or  particulars;  and 
that  no  such  addition,  alteration,  or  deviation  shall 
be  considered  as  vitiating  this  present  agreement, 
or  shall  in  any  wise  affect  the  same,  except  so  &r 
as  is  mentioned  in  the  stipulation  last  herein-before 
contained;  and  if  such  alterations  shall  increase 
or  lessen  the  works  herein-before  stipulated  to  be 
performed,  the  same  shall  be  paid  for  or  deducted, 
as  the  case  may  be,  at  rates  corresponding  with  the 
value  of  similar  works  herein-before  contracted  for : 
Provided,  and  it  is  hereby  further  covenanted, 
concluded,  and  agreed  upon,  by  and  between  the 
said  parties  to  these  presents,  that  in  case  any 
doubt,  dispute,  or  question  shall  arise,  touching 
and  by  virtue  of  this  agreement,  or  touching  or 
concerning  the  true  intent  and  meaning  of  these 
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presents,  all  such  doubts,  disputes,  or  questions 
shall  be  referred  to  the  decision  of  two  referees, 
one  to  be  named  and  appointed  by  the  said  Alex- 
ander Milne  on  behalf  of  the  said  commissioners, 
and  the  other  to  be  named  and  appointed  by  and 
on  the  behalf  of  the  said  Thomas  Baylis ;  and  in 
case  such  two  persons  shall  not  agree  in  the  pre- 
mises, and  make  their  decision  and  determination 
in  regard  thereto  in  writing,  under  their  hands,  in 
one  month  after  the  same  shall  be  referred  to  them, 
then,  and  in  such  case,  all  such  doubts,  disputes, 
or  questions  shall  be  referred  to  such  third  person 
as  the  two  persons  so  to  be  chosen  aforesaid  shall 
for  that  purpose  nominate,  and  whose  decision  and 
determination  thereon  shall  be  binding  and  con- 
clusive between  the  said  parties,  so  as  the  same 
may  be  made  in  writing  witliin  one  calendar  month 
from  the  time  the  same  shall  be  so  referred  to  him 
as  aforesaid.  In  witness  whereof  the  said  parties 
to  these  presents  have  hereunto  set  their  hands  and 
seals,  tlie  day  and  year  first  above  written. 

The  first  Schedule  referred  to  in  and  by  the 
foregoing  Agreement 

HOLYHEAD  ROAD. 

Coventry  Improvement  Specification. 

The  first  improvement  commences  on  the  present 
road,  near  the  Seven  Stars  public  house,  at  the 
point  marked  A  on  the  plan  and  section  (Plate  VI. 
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fig.  1 .)  * :  having  ascended  the  small  hill  in 
Mr.  Troughton's  land,  it  crosses  the  Folly  Lane, 
along  which  it  runs  a  short  way,  and  descends  to 
the  river,  which  is  to  be  passed  by  a  bridge  of 
thirty  feet  span  t ;  it  then  ascends  tlie  opposite  hill, 
passing  near  the  mill  in  the  hollow;  and,  after 
crossing  a  garden  and  some  meadows,  terminates 
on  the  present  road,  in  the  common,  at  the  point 
marked  B  on  the  plan  and  section. 

The  second  improvement  commences  in  Spon 
Street,  near  Saint  John's  Church,  at  the  point 
marked  C  in  the  plan  and  section  (Plate  VI.  fig.  2), 
and  after  passing  over  the  site  of  two  houses  and 
their  premises,  runs  in  front  of  the  weavers*  row  of 
houses,  and  crossing  the  Chapel  Lane,  goes  over 
the  Windmill  Hill,  and  continuing  through  the 
fields  in  almost  a  straight  line,  passes  to  the  south 
of  the  city  reservoir,  over  a  stream ;  and  fi-om 
thence,  over  the  hill  in  front  of  Mr.  Wall's  house, 
to  the  widow  Hewett's  house,  and  entering  on  the 
present  road  continues  over  the  bridge,  and  finally 
terminates  in  the  village  of  Allesley,  at  the  point 
marked  D  on  the  plan  and  section. 

ROAD-MAKING. 

The  dotted  lines  on  the  sections  represent  the 
natural  surface  of  the  ground  in  the  longitudinal 

*  The  plans  in  this  plate  are  on  a  reduced  scale.  For  work- 
ing drawings  the  longitudinal  scale  should  be  three  chains  to  an 
inch,  and  the  vertical  scale  thirty  feet  to  an  inch. 

f  The  specification  for  building  thb  bridge  is  in  Chapter  VII., 
on  Road  Masonry. 
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direction  of  the  new  lines,  about  the  middle  of  the 
space  to  be  occupied  by  the  road.  The  black  lines 
represent  the  finished  longitudinal  surface  of  the 
foundation  for  the  road  materials.  The  figures 
above  the  vertical  lines  denote  the  depths  of 
cuttings  and  heights  of  embankments.  The  rates 
of  inclination  which  are  on  the  first  improvement 
are  as  follows :  —  1  in  30,  1  in  40,  1  in  36,  1  in  60, 
1  in  100,  1  in  56,  1  in  35 ;  and  on  the  second, 
1  in  35,  1  in  66,  1  in  51,  1  in  253,  1  in  180, 
1  in  40,  1  in  101,  1  in  41,  1  in  40,  and  1  in  30* ; 
but  it  is  expressly  stipulated,  that  the  contractor  is 
to  satisfy  himself  by  his  own  measurements,  or  iri 
any  way  he  may  think  proper,  as  to  these  depths 
and  heights ;  and  all  irregularities  of  the  surface  of 
the  ground  to  be  cut  down  or  embanked  upon,  as 
no  extra  claim  will  be  admitted. 

The  breadth  of  the  finished  road  is  to  be  35  feet ; 
30  feet  for  the  carriage-way,  and  5  feet  for  the 
footpath.     (Plate  VII.  fig.  1.) 

The  slopes  of  all  embankments  from  the  outsides 
of  the  finished  road  are  to  be  two  horizontal  to  one 
perpendicular,  neatly  dressed,  and  covered  with 
green  sod,  at  least  four  inches  thick,  evenly  laid 
and  closely  jointed.     (Plate  VII.  fig.  2.) 

The  slopes  of  the  cuttings  on  the  southern  side 
to  be  three  horizontal  to  one  perpendicular,  those 
rfthe  northern  side  to  be  two  horizontal  to  one 
perpendicular ;  these  slopes  are  also  to  be  covered 
witli  sod,  the  green  side  placed  uppermost,  evenly 

*  These  inclinations  are  shown  in  the  working  drawings. 
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laid  and  pn^)erly  jointed ;  it  may  be  procured  on 
the  space  to  be  occupied  by  the  road  and  its  side 
slopes.     (Plate  VII.  fig.  3.) 

The  surface  of  the  foundation  for  die  materials 
of  the  carriage  road  is  to  be  formed  level  from  side 
to  side.  The  surface  of  the  foundation  for  the 
hard  materials  of  the  footpath  is  also  to  be  levels 
and  to  be  six  inches  above  that  of  the  carriage  road. 
In  the  cuttings,  the  breadth  between  the  bottoms 
of  the  side  slopes  is  to  be  thirty-three  feet  (Plate 
VII.  %.  1.) 

Upon  the  level  space  prepared  for  the  road 
materials,  a  bottom  course,  or  layer  of  stone,  is  to 
be  set  by  hand  in  form  of  a  close  firm  pavement. 
(Plate  III.  fig.  3.) 

The  stones  set  in  the  middle  of  the  road  to  be 
seven  inches  in  depth ;  at  nine  feet  from  the  centre 
five  inches ;  at  twelve  feet  four  inches ;  and  at 
fifteen  feet  three  inches;  and  to  have  a  curving 
surface ;  they  are  to  be  laid  on  their  broadest  edges 
lengthwise  across  the  road,  and  the  breadth  of  the 
upper  edge  is  not  to  exceed  four  inches  in  any 
case.  All  the  inequalities  of  the  upper  part  of  said 
pavement  to  be  broken  off  with  a  hammer,  and  all 
the  interstices  to  be  filled  with  stone  chips  firmly 
wedged  or  packed,  so  as  to  form  a  convexity  of 
four  inches  in  the  breadth  of  fifteen  feet  from  the 
centre.  The  stones  used  for  this  purpose  are  to  be 
such  as  will  not  waste  by  exposure  to  the  weather. 

The  bed  of  pavement  or  set  stone  is  to  be  covered 
with  a  layer  of  Nuneaton  stone,  to  be  approved  of 
by  the  inspector }  it  is  to  be  laid  six  inches  thick  on 
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the  middle  of  the  road,  eighteen  feet  wide.  These 
stones  are  to  be  broken  into  pieces  as  nearly  cubical 
as  possible ;  the  longest  and  largest  piece  to  go 
through  a  circular  ring  of  two  inches  and  a  half  in 
the  inside  diameter. 

The  stones  must  be  broken  off  the  road,  and 
riddled  on  a  sieve  of  one  inch  square  meshes,  and 
approved  of  by  the  engineer  or  his  assistant  before 
they  are  put  on  the  road.  The  shoulders  or  sides 
of  the  road  are  to  be  covered  with  the  small  stones 
which  pass  through  the  aforesaid  meshes,  properly 
cleansed  and  selected,  or  with  good  sharp  coarse 
gravel,  well  cleaned  and  separated  from  all  earth, 
and  having  no  pebbles  larger  than  one  inch  and  a 
half  in  diameter,  to  be  approved  of  by  the  engineer 
or  his  assistant.  This  course  of  gravel  is  to  be 
seven  inches  and  a  half  thick  at  nine  feet  from  the 
centre ;  six  inches  and  a  half  at  twelve  feet  from 
the  centre  ;  and  two  inches  and  a  half  at  the  sides, 
or  fifteen  feet  from  the  centre.* 

The  Nuneaton  stone  is  to  be  covered  with  one 
inch  and  a  half  in  depth  of  good  binding  gravel,  to 
be  laid  on  at  such  times  and  in  such  way  as  may  be 
directed ;  and  the  whole  surface,  from  side  to  side, 
to  be  kept  properly  dressed  and  levelled,  until  the 
whole  work  is  certified  to  be  completely  finished. 

The  footpath  is  to  be  coated  with  six  inches  of 
sandstone,  broken  to  the  same  size  as  stated  for  the 

*  Since  this  specification  was  drawn  up,  it  has  been  con- 
sidered better  to  increase  the  depth  of  pitching  at  the  sides,  so 
as  give  a  convexity  to  the  road  surface  of  six  inches  instead 
of  nine. 
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road  materials,  and  is  to  be  covered  with  gravel,  so 
that  the  surface  of  the  footpath  shall  be  on  a  level 
with  the  middle  of  the  road. 


DRAINAGE. 

Along  the  outside  of  the  carriage  road  (all  em- 
bankments excepted),  drains  are  to  be  cut,  ten 
inches  wide  at  bottom,  fourteen  inches  at  top,  and 
ten  inches  deep  below  the  surface  of  the  bed  for 
the  road  materials.  (Plate  VII.  fig.  4.)  Mitre 
drains  are  to  be  made  from  the  middle  of  the  road 
into  these  drains,  forming  such  angles  at  the  middle 
as  may  give  a  declivity  for  conveying  the  water  into 
the  side  drains ;  they  are  to  be  nine  inches  wide  at 
bottom,  twelve  inches  at  top,  and  ten  inches  deep  ; 
there  are  to  be  thirty  of  these  drainsT  per  mile  (em- 
bankments excepted).  These  drains  are  to  be 
filled  with  rubble  stone,  connecting  with  the  bottom 
course  of  road  materials.  An  edging  of  turf,  with 
the  green  side  out,  not  less  than  six  inches  in  depth 
and  five  inches  in  thickness,  is  to  be  set  in  a  neat 
compact  manner  on  the  road  edge  of  the  footpath, 
and  the  top  thereof  is  to  be  covered  witli  the  binding 
gravel.  On  the  outside  of  the  footpath,  along  the 
border  for  the  thorns,  a  turf  six  inches  high  and 
four  inches  thick  is  to  be  set  in  the  same  way  over 
the  whole  line,  excepting  on  embankments. 

There  are  to  be  eight  cross  drains  of  dry  stone 
masonry,  each  eighteen  inches  in  the  clear,  con- 
structed in  every  mile  of  the  road.  These  cross 
drains  are  to  be  continued  under  the  fences  into 
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the  ditches  on  each  side  of  the  road.  The  side 
walls  to  be  sixteen  inches  thick,  faced  on  both 
sides,  eighteen  inches  high  on  the  upper  end,  and 
twenty-three  at  the  lower.  The  tc^  of  the  walls 
to  be  level  across  the  road,  and  the  bottom  to  have 
an  inclination  of  one  inch  in  every  ten  feet.  The 
stones  at  top,  on  which  the  covers  are  to  be  laid, 
are  to  project  about  two  inches  and  a  half  into  the 
open  space  on  each  side,  leaving  about  thirteen 
inches  clear  between  them.  The  covers  to  be 
sound  stone,  not  less  than  four  inches  thick,  and 
twenty-seven  inches  long.  They  are  to  be  neatly 
jointed,  closely  laid  together,  and  properly  bonded 
on  the  side  walls,  and  covered  with  four  inches  of 
turf.  A  concave  pavement,  with  stones  not  le^s 
than  five  inches  deep,  to  be  laid  between  the  side 
walls,  as  shown  in  the  drawings  (Plate  IV.  fig.  5). 
The  whole  of  the  building  to  be  placed  so  low  as 
to  admit  six  inches  of  mould  to  be  laid  between 
the  covers  and  the  bottom  course  of  stone,  without 
raising  the  longitudinal  surface  of  the  road.  When 
the  cross  drains  are  under  an  embankment,  the 
same  are  to  be  carried  to  the  extremities  of  the 
bottoms  of  the  slopes.  Should  any  drains  of  a  dif- 
ferent size  be  wanted,  their  situation,  number,  size, 
and  value  to  be  determined  by  the  inspector.  The 
water  from  the  surface  of  the  road  to  be  introduced 
into  the  cross  drains  by  as  many  side  openings  or 
inlets  Bs  there  are  cross  drains,  ten  by  sixteen 
inches,  built  on  each  side,  and  covered  with  stones 
at  least  twenty-six  inches  long,  fourteen  inches 
broad,  and  not  less  than  two  inches  and  a  half 
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thick.  The  bottom  of  said  covers  to  be  five  inches 
above  the  side  drain,  and  the  whole  of  each  open- 
ing to  be  on  the  outside  of  the  driving  way.  The 
ends  of  the  cross  drains  to  be  secured  by  strong 
pavements,  four  feet  three  inches  by  two  feet  three 
inches.  The  water  collected  in  the  side  drains  of 
the  road  to  be  introduced  into  the  cross  drains  by 
a  row  of  paving-stones  across  the  course,  so  raised 
as  to  prevent  it  from  passing  the  opening  of  the 
cross  drain ;  and  the  outer  row  of  paving-stones 
below  the  discharging  end  to  be  large  stones,  sunk 
so  deep  as  to  secure  the  whole  from  being  injured 
by  the  current  of  water.  The  lower  ends  of  the 
drains  to  be  secured  by  wing  walls,  at  least  five 
feet  in  length,  and  the  same  at  the  upper  end, 
where  they  are  connected  with  a  watercourse,  and 
to  be  covered  with  two  rows  of  swarded  turf;  the 
lower  one  with  the  swarded  side  down,  the  other 
with  the  swarded  side  up.  Wherever  springs  are 
found  in  the  surface  of  the  ground  on  which  the 
road  is  to  be  made,  or  in  the  cuttings,  drains  to  be 
made  the  same  as  on  the  outside  of  the  carriage 
road  before  described,  for  carrying  the  water  into 
the  ditches  or  natural  watercourses,  by  proper 
under-draining.  Open  cuts  to  be  made  whenever 
they  are  necessary  for  carrying  off^  the  water  from 
the  ditches  into  the  natural  watercourses ;  and 
these  drains  to  be  two  feet  wide  at  the  top,  ten 
inches  wide  at  the  bottom,  and  eighteen  inches 
deep.  Through  all  the  cuttings  on  the  footpath 
side  of  the  road,  a  drain,  one  foot  square,  is  to  be 
made  along  the  lower  edge  of  the  slope,  and  fiUed 
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with  rubble  stone.  This  drain  is  to  be  made  be- 
tween the  footpath  and  the  bottom  of  the  slope ; 
the  bottom  of  it  to  be  eighteen  inches  below  the 
upper  surface  of  the  finished  footpath,  and  at  the 
opposite  side  of  the  road,  the  bottom  of  it  is  to 
be  one  foot  below  the  under  surface  of  the  metal 
pavement,  as  shown  in  fig.  4.  An  open  catch 
drain  is  to  be  made  through  the  cuttings,  above 
the  quicksets,  and  also  at  the  tops  of  the  slopes, 
where  the  ground  inclines  to  the  road ;  to  be  one 
foot  deep,  sloping  three  to  one  on  the  field  side,  and 
one  to  one  on  the  road  side,  meeting  in  an  angle 
at  the  bottom,  and  the  whole  neatly  dressed  and 
covered  with  green  sod. 

FENCING. 

The  fencing  to  be  constructed  as  shown  in  the 
section ;  a  ditch  to  be  cut,  and  a  mound  to  be  raised, 
together  occupying  eight  feet ;  the  ditch  to  be  on 
the  field  side,  the  mound  to  be  cut  out  of  the 
natural  ground,  four  feet  wide  at  top,  ten  inches 
wide  at  bottom,  and  two  feet  and  a  half  deep.* 
The  mound,  of  four  feet  wide,  is  to  be  raised  by  a 
sod,  witli  the  green  or  swarded  side  out,  to  the 
height  of  fourteen  inches  above  the  side  channels 
of  the  road,  and  the  top  to  be  rounded  from  the 
ditch  to  the  top  of  the  sod.  Two  rows  of  quick- 
sets to  be  planted  on  the  ditch  side  of  the  mound, 
as  shown  in  the  section.     Nine  plants  to  be  set  in 

*  In  wet  land  the  drain  should  be  at  least  four  feet  deep. 

Q  2 
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each  lineal  yard ;  they  are  to  have  good  roots,  to 
be  two  years  transplanted,  to  be  put  in  between 
the  first  day  of  November  and  the  last  day  of 
March.  A  trench,  eighteen  inches  wide  and  fif- 
teen inches  deep,  is  to  be  cut,  and  filled  with  good 
vegetable  mould,  in  the  middle  of  which  the  two 
rows  of  quicksets  are  to  be  planted :  in  all  the  cut- 
tings the  quicksets  are  to  be  planted  at  the  dis- 
tance of  eighteen  inches  from  the  footpath  on  the 
one  side,  and  the  carriage  road  on  the  other  side. 
(Plate  VII.  fig.  4.)  On  all  embankments  they  are 
to  be  planted  so  that  the  distance  between  the 
middle  of  the  rows  on  each  side  shall  be  thirty- 
eight  feet.  (Plate  VII.  fig.  5.)  Particular  atten- 
tion is  to  be  paid  to  the  preparation  and  quality  of 
the  earth  of  the  quickbed,  and  every  thing  con- 
nected with  the  planting  of  the  quicksets. 

The  quicksets  are  to  be  protected  by  two  rows 
of  posts  and  rails  on  each  side  of  the  road,  three 
rails  in  each  length ;  the  posts  are  to  be  five  feet 
long,  and  at  least  five  by  three  inches  of  good  oak ; 
the  rails  to  be  not  more  than  eight  feet  long,  and 
three  inches  and  a  half  by  two  inches  and  a  half, 
and  may  be  of  good  elm,  ash,  or  fir  timber.  In 
each  length  of  rail  a  prick  post  is  to  be  driven  into 
the  ground ;  they  are  to  be  placed  in  the  middle 
between  the  posts,  to  be  at  least  twelve  inches  in 
the  ground,  and  well  fitted,  and  strongly  nailed  to 
each  rail.  (Plate  VII.  fig.  6.)  A  mound,  two  feet 
wide  and  fourteen  inches  high,  to  be  made  below 
the  railing  placed  on  the  top  of  the  embankments. 
Each  field  must  be  fenced  off  with  the  posts  and 
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rails  before  any  part  of  the  road  work  is  com- 
menced in  that  field,  or  before  any  of  the  hedges 
or  ditches  now  existing  on  the  lands  be  removed 
or  touched.  Ten  field  gates,  with  iron  hinges  and 
fastenings,  and  ground  posts,  all  similar  to  the  best 
kinds  used  in  the  neighbourhood,  to  be  furnished 
and  erected ;  and  should  a  greater  or  less  number 
be  required,  they  are  to  be  allowed  or  deducted 
from  the  contract  at  so  much  per  gate.  At  each 
gate,  drains  with  good  draining  tiles  not  less  than 
ten  inches,  or  of  brick  one  foot  wide,  to  be  laid  in 
the  sides  of  the  road ;  and  drains  of  the  same  con- 
struction as  the  cross  ones,  one  foot  square  in  the 
clear,  to  be  made  in  the  field  or  outside  ditches : 
the  length  of  these  drains  to  be  twelve  feet,  and 
a  road  to  be  made  over  them  into  the  fields,  eight 
feet  in  breadth,  and  covered  with  broken  stone  of 
the  same  quality  as  used  for  pitching  the  road ;  to 
be  eight  inches  deep,  and  extending  into  the  fields 
ten  feet  at  least  beyond  the  Ime  of  the  quicksets. 
No  inclination  from  the  road  into  the  fields  to  be 
more  than  one  in  sixteen,  and  all  the  gates  to  open 
into  the  fields. 


DEPOTS    FOR   HOLDING    REPAIR    MATERIALS. 

Eight  dep6ts  to  be  erected  in  each  mile  of  road, 
in  such  places  as  may  be  pointed  out  by  the  en- 
gineer or  his  assistant.  (Plate  IV.  fig.  70  They 
are  to  be  built  of  stone  and  lime,  twelve  yards  long, 
three  feet  high  above  the  side  channel  of  the  road, 
and  to  be  founded  as  low  a$  necessary  below  that» 

Q  3 
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to  give  stability  to  the  work.  '  The  ends  to  be  two 
yards  and  a  half  in  the  clear  at  the  bottom,  and  to 
rise  one  yard  and  a  half  at  top.  The  thickness  of 
the  work  to  be  eighteen  inches  throughout  for  the 
height  of  three  feet ;  the  work  under  that  to  be 
two  feet  thick.  The  top  of  the  back,  side,  and 
slopes  to  be  coped  with  large  stones  set  on  edge, 
and  even,  and  flagged  with  sandstone  in  the  rough, 
neatly  jointed  and  well  bedded. 

The  back  and  ends  of  the  dep6ts  are  to  have  a 
mound  of  earth  thrown  up  against  them,  eighteen 
inches  high  on  the  outside,  and  eighteen  inches  or 
two  feet  on  the  base,  rounded  off  on  the  top,  and 
faced  with  sod  if  necessary,  and  the  regular  quan- 
tity of  quicksets  planted  in  it,  which  are  to  be  pro- 
tected by  the  field  row  of  posts  and  rails  described 
before  ;  a  tile  drain  to  be  laid  in  front  of  the  open, 
thirteen  yards  long,  and  ten  inches  wide.* 

GENERAL    OBSERVATIONS. 

All  the  lines  to  be  marked  out  by  the  chief 
engineer  to  the  parliamentary  commissioners,  or 
his  assistant,  and  the  general  formation  of  the  road 
is  to  be  to  his  satisfaction ;  he  is  also  to  be  satisfied 
with  the  solidity  of  all  embankments  before  the 
foundation  or  bottom  course  of  pavement  is  laid 
on  them.     The  stone  used  for  the  pavement,  and 

*  A  specification  in  the  original  schedule  for  building  a 
bridge  has  been  transferred  to  Chapter  VII.,  on  Road  Masonry. 
The  specifications  also  in  that  chapter  for  dep6ts  and  inlets  were 
taken  from  this  schedule. 
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the  packing  and  setting  of  the  same,  are  in  all  cases 
to  be  approved  of  by  him  before  any  broken  metal 
is  laid  on.  He  is  also  to  be  satisfied  that  the  top 
metal  is  of  proper  quality  and  dimensions  before 
the  binding  is  laid  on,  and  that  the  cross  drains 
are  properly  constructed  and  firmly  backed  before 
earth  or  turf  is  placed  on  them.  A  passage  is  to 
be  constructed  from  the  embankment  at  the  mill 
near  .the  bridge,  to  admit  carts  to  BamewalPs 
mill  and  premises  :  it  is  to  be  fourteen  feet  wide, 
to  have  an  inclination  not  more  than  one  in  six- 
teen, to  be  covered  with  broken  stone  ten  inches 
thick  at  the  middle,  and  six  inches  at  the  sides ; 
a  dry  stone  wall  to  be  built  on  the  outside,  to  retain 
the  earth  ;  to  have  a  batter  of  two  inches  in  three 
feet,  and  to  rise  three  feet  above  the  surface  of  the 
finished  road,  as  a  protecting  parapet ;  to  be  fifteen 
inches  thick  at  top,  and  increasing  in  thickness  by 
an  offset  of  three  inches  on  the  inside  for  every  foot 
to  the  foundation ;  the  top  course  to  be  set  in  good 
lime  and  mortar.  A  paved  channel  one  foot  and 
a  half  wide  is  to  be  laid  along  both  sides  of  the 
road,  from  top  to  bottom  ;  where  the  road  crosses 
Folly  Lane  there  will  be  a  cutting  of  two  feet 
The  lane  must  be  lowered  at  each  side  of  the  road^ 
and  properly  levelled  to  an  inclination  of  one  in 
sixteen  for  the  whole  width  of  the  road.  The  part 
thus  broken  up  must  be  coated  with  six  inches  of 
broken  sandstone  of  the  best  quality  in  the  neigh- 
bourhood. Tile  drains  are  to  be  laid  along  the 
side  of  the  road  for  the  whole  width  of  the  lane  at 
the  point  of  intersection. 

Q  4 
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Where  the  road  crosses  the  footpath  at  the  upper 
angle  of  the  weavers'  row  of  houses  on  the  Allesley 
land,  a  cutting  is  to  he  made  of  two  feet  six  inches ; 
the  footpath  must  be  covered  on  each  side,  and 
dressed  with  gravel,  so  as  to  give  a  good  and  com- 
modious passage  to  and  from  the  road.  Where  the 
road  crosses  the  Chapel  Lane  there  is  to  be  four 
feet  of  fiUing ;  the  lane  must  be  embanked  on  each 
side  to  the  height  of  the  road,  and  have  inclinations 
each  way  of  one  in  sixteen ;  the  side  slopes  are  to 
be  two  horizontal  to  one  perpendicular,  and  the  top 
surface  when  finished  to  be  twenty-one  feet  wide ; 
both  these  side  roads  or  lanes  are  to  be  fenced  in 
the  same  manner  as  the  main  line  of  road,  and  to 
be  coated  with  eight  inches  of  broken  sandstone 
for  the  width  of  eighteen  feet,  and  with  gravel  for 
the  width  of  eighteen  inches  on  each  side,  to  be 
eight  inches  deep  where  it  joins  the  broken  stone 
and  six  inches  at  the  sides. 

Where  the  road  crosses  the  lane  between 
Mr.  Booth's  and  Mr.  Carter's  land,  a  filling  is  to 
be  made  of  two  feet  nine  inches-  The  same  must 
be  embanked  up  to  the  road  on  each  side  ;  to  have 
inclinations  each  way  of  one  in  sixteen,  and  to  be 
twenty-one  feet  wide  on  the  surface,  with  slopes  of 
two  horizontal  to  one  perpendicular ;  to  be  covered 
with  five  inches  thick  of  pebbles,  eighteen  feet 
wide,  and  gravelled  eighteen  inches  at  each  side ; 
the  gravel  to  be  three  inches  thick  next  the  broken 
stone,  and  six  at  the  sides ;  no  fencing  will  be 
necessary  on  these  side  roads. 
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The  second  Schedule  referred  to  in  and  by  the 

foregoing  Agreement. 
Sir, 
I  hereby  engage  to  execute  the  works  of  the 

proposed  improvement  of  the  Holyhead  Road  at 
Coventry,  according  to  the  plan,  section,  and  speci- 
fication, for  the  sum  of  ten  thousand  and  seventy-six 
pounds  sixteen  shillings  and  sixpence. 

I  am.  Sir, 

Your  obedient  servant, 

Thomas  Baylis. 

£  s.  d. 
First  lot  .  .  -  4,140  0  0 
Second  lot  -      -    5,936  16    6 


Total     -      -     10,076  16    6 


To  Alexander  Milne,  Esq., 
1,  Whitehall,  London. 

Signed,  sealed,  and  delivered  by  the 
above-named  Thomas  Baylis,  in 
the  presence  of 

John  MacneilL  Thomas  Baylis. 

Signed,  sealed,  and  delivered  by  the 
above-named  John  Kershaw,  in 
the  presence  of 

John  MacneilL  John  Kershaw* 

Signed,  sealed,  and  delivered  by  the 
above-named  Alexander  Milne,  in 
the  presence  of 

John  MacneilL        Alexander  Milne. 
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CHAPTER  IX. 


IMPROVING  OLD  ROADS. 


Mr.  Telford  gives  the  following  account  of  the 
state  of  the  turnpike  roads  in  1819,  in  his  evidence 
before  the  committee  of  the  House  of  Commons  on 
the  highways  of  the  kingdom :  — "  With  regard  to 
the  roads  of  England  and  Wales,  they  are  in  general 
very  defective,  both  as  to  their  direction  and  in- 
cUnations ;  they  axe  frequently  carried  over  hills, 
which  might  be  avoided  by  passing  along  the 
adjacent  valleys ;  the  shape  or  cross  sections  and 
drainage  of  the  roads  are  quite  as  defective  as  the 
general  directions  and  inclinations ;  there  has  been 
no  attention  paid  to  constructing  good  and  solid 
foundations ;  the  materials,  whether  consisting  of 
gravel  or  stones,  have  seldom  been  sufficiently  se- 
lected and  arranged  ;  and  they  lie  so  promiscuously 
upon  the  roads  as  to  render  it  inconvenient  to 
travel  upon  them,  and  to  promote  their  speedy 
destruction.  The  shape  of  the  road  or  cross 
section  of  the  surface  is  frequently  hollow  in  the 
middle ;  the  sides  encumbered  with  great  banks  of 
road  dirt,  which  have  accumulated  in  some  places 
to  the  height  of  six,  seven,  and  eight  feet ;  these 
prevent  the  water  from  falling  into  the  side  drains, 
and  also  throw  a  considerable  shade  upon  the  road, 
and  are  great  and  unpardonable  nuisances.     The 
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materials,  instead  of  being  cleaned  of  the  mud  and 
soil  with  which  they  are  mixed  in  their  native  state, 
are  laid  promiscuously  on  the  road :  this  in  the  first 
place  creates  an  unnecessary  expense  of  carriage  of 
soil  to  the  road,  and  afterwards  nearly  as  much  m 
removing  it,  besides  inconvenience  and  obstruction 
to  travelling." 

The  committee  of  1819,  by  attributing  in  their 
report  the  imperfect  state  of  the  roads  to  the  neg- 
ligent and  culpable  conduct  of  the  trustees  who 
had  the  management  of  them,  roused  the  attention 
of  the  public  to  the  subject,  and  thus  led  to  the 
introduction  of  an  improved  system  of  management. 
But  although  a  considerable  change  for  the  better 
has  taken  place  since  1819,  many  of  the  defects 
described  by  Mr.  Telford  still  remain  ;  and  all  tliat 
has  been  done  towards  their  removal  falls  far  short 
of  what  ought  to  have  been  done  to  put  the  turn- 
pike roads  into  complete  order. 

In  improving  old  roads,  nearly  the  same  objects 
should  be  attended  to  as  in  making  new  ones ; 
such,  for  instance,  as  the  direction,  the  longitudinal 
inclinations,  the  breadth,  form,  and  hardness  of  the 
surface,  the  drainage,  and  the  fencing. 

For  the  purpose  of  ascertaining  in  what  respect 
an  old  road  is  complete  or  defective  in  these  points, 
the  following  queries  have  been  prepared.  The 
answers  that  can  be  given  to  them  will  at  once 
show  what  is  the  state  of  a  road. 

1st.  Is  the  direction  of  the  road  in  the  shortest 
line  that  can  be  found  without  having  to  pass  over 
steep  hills  or  other  obstacles  ? 
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Qd.  What  are  the  rates  of  inclination  on  the 
hills  ?  In  ascending  towards  a  height,  or  ridge  ci 
country,  that  must  be  crossed,  has  the  road  one 
gradual  ascent,  or  has  it  one  or  more  descents,  thus 
making  two  or  more  hills  instead  of  one  hill  ? 

3d.  What  is  the  breadth  of  the  road  ?  Is  it  every 
where  exactly  the  same?  Is  it  defined  by  side 
channels  having  along  them  curb  stones  or  borders 
of  grass  sods  ? 

4th.  Are  the  channels  on  each  side  of  the  road 
on  the  same  level  ?  Is  the  convexity  of  the  sur&ce 
uniformly  the  same  in  every  part  along  the  whole 
length  of  the  road  ? 

5th.  Is  there  a  footpath  ?  What  is  the  height  of 
it  above  the  side  of  the  road  ?  What  is  its  breadth  ? 
Of  what  materials  is  it  composed  ? 

6th.  Is  there  any  waste  land  between  the  road 
and  the  fences  of  the  road  ?  In  what  state  is  it  ? 

7th.  Is  the  surface  of  the  road  higher  than  that 
of  the  adjacent  fields  ? 

8th.  Of  what  materials  does  the  crust  of  the 
road  consist  ?  What  is  the  depth  of  them  in  the 
centre  of  the  road,  at  a  distance  of  five  feet  on  each 
side  of  the  centre  and  at  the  sides  ? 

9th.  Are  there  sufficient  drains  for  carrying  off 
all  rain  and  other  water  ? 

10th.  Are  the  fences  low?  Are  they  raised  on 
ground  of  the  same  level  on  both  sides  of  the  road  ? 
Are  they  of  the  same  height  on  both  sides,  and 
parallel  to  each  other  ? 

The  answers  which  can  be  given  to  these  queries 
will  show  what  the  defects  are  of  any  road  to  which 
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they  are  applied,  and  what  is  requisite  to  be  done 
to  improve  it. 

With  respect  to  the  turnpike  roads  as  they  now 
are,  it  will  be  found  upon  an  inspection  of  them 
that,  in  regard  to  their  direction,  they  are  univer- 
sally defective.  Scarcely  any  road  between  two 
places  is  in  the  best  line  with  respect  to  distance 
and  hills.  The  reason  of  this  is  that  the  present 
lines  are  the  same,  except  those  made  of  late  years, 
as  they  were  when  first  established  by  the  abori- 
ginal inhabitants  of  the  country  as  footways  or 
horse- tracks.  Let  a  map  be  made  of  the  road  from 
London  to  Edinburgh,  to  Carlisle,  to  Liverpool,  or 
to  any  distant  town,  and  this  fact  will  be  fully 
sustained. 

The  first  step  which  should  be  taken  towards 
the  improvement  of  the  principal  roads  of  the 
kingdom  is  to  make  surveys  of  the  mail  coach 
roads :  this  work  should  be  done  by  government 
The  engineers  employed  should  also  be  required 
to  make  plans  and  estimates  for  the  improvements 
which  may  appear  necessary ;  and  the  trustees  of 
every  principal  road  should  be  furnished  with  copies 
of  the  surveys,  and  of  the  plan  and  estimates  for 
improvements  relating  to  the  road  under  their 
care. 

The  number  of  single  mail  coach  miles  daily 
travelled  in  Great  Britain,  including  pair  horse 
coaches,  is  17>549.*     The  expense  attending  the 

*  Seventh  Report  of  the  Commissioners  of  Post  Office  In- 
quiry, p.  4. 
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surveying  of  them  should  not  exceed  31.  a  mile ; 
so  that  the  whole  expense  to  be  incurred  on  this 
important  preliminaiy  step  for  the  improvement  of 
these  roads  would  not  be  of  a  large  amount.! 

Whenever  the  improvement  to  be  made  on  an 
old  road  does  not  require  a  departure  firom  the 
present  line,  the  road  should  first  be  put  into  a 
proper  form,  as  respects  breadth  and  convexity, 
according  to  the  rules  already  laid  down.  A  paved 
foundation  should  be  made  from  12  to  30  feet  wide, 
according  to  the  funds  of  the  road,  and  a  coating  ot 
broken  stones  six  inches  thick  should  be  laid  on ; 
a  regular  footpath  should  be  made ;  aU  the  old  high 
and  crooked  fences  should  be  removed,  and  low 
ones  substituted  in  their  place,  parallel  to  each 
other,  and  at  a  proper  distance  from  the  road ;  and 
particular  care  should  be  taken  to  provide  a  suffi- 
cient number  of  drains. 

Where  the  old  road  is  below  the  level  of  the  ad- 
joining fields,  it  should  be  raised  by  embanking,  so 
as  to  be  at  least  two  feet  above  them. 

If  it  is  not  considered  advisable  to  remove  the 
old  fences,  where  the  space  between  them  is 
wider  than  is  necessary  for  the  roadway  and  foot- 
path, the  surplus  portion,  or  waste,  should  be 
put  into  order ;  for  no  road  can  have  a  finished 
appearance  unless  the  whole  space  between  the 
fences  is  arranged  so  as  to  have  a  regular  and 
uniform  shape.     This  operation  will  also  assist  very 

*  This  subject  will  be  again  referred  to,  in  Chapter  XIL,  on 
Road  Legislation. 
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much  in  contributing  to  the  dryness  and  preserva- 
tion of  the  road.  On  this  point  Mr.  Telford  makes 
the  following  observations  in  his  third  annual  report 
on  the  Holyhead  Road  :  — 

"  I  cannot  too  often  repeat,  that  a  surveyor 
should  not  feel  satisfied  that  he  has  done  his  duty 
until  the  whole  breadth  of  ground  belonging  to  a 
road  between  the  fences  is  put  into  perfect  order, 
as  this  shows  skill,  attention,  and  good  workman- 
ship. A  certain  space,  say  six  feet,  should  be 
formed  into  a  footpath  of  one  regular  breadth,  with 
a  surface  made  with  a  coating  of  strong  gravel,  or 
small  broken  stones,  at  least  six  inches  deep; 
thirty  feet  should  be  allotted  to  the  roadway,  to  be 
formed  of  one  regular  convexity,  with  the  use  of  a 
properly  shaped  level  * ;  one  side  channel  should 
be  formed  by  the  sod  margin  of  the  footpath 
abutting  on  the  side  of  the  road,  and  the  other  by 
the  sod  margin  of  a  flat  mound  of  earth,  of  the  same 
form  as  the  footpath ;  and  the  whole  waste  between 
the  fences  should  be  filled  or  levelled,  so  as  to  have 
a  perfectly  smooth  surface.  The  wastes  should 
also  be  sown  with  grass-seeds ;  and  where  the  soil 
is  clay,  the  scrapings  of  the  road  should  be  care- 
fully spread  over  them,  till  they  become  firm. 
When  the  fence  of  a  road  is  a  hedge,  this  should 
be  cut  and  clipped  every  year  by  the  surveyor,  at 
the  expense  of  the  trustees ;  and  the  work  should 
be  done  in  such  a  manner  as  to  leave  the  side  and 
horizontal  lines  of  the  hedge  perfectly  straight  and 
even. 

*  See  Plate  VII.  fig.  8. 
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"  In  order  to  assist  the  surveyors  in  putting  their 
roads  into  a  good  shape,  I  have  drawn  up  the  fol- 
lowing specification :  — 

**  Specification  for  the  Regvlation  of  the  Surface 
between  the  Fences^  so  as  to  establish  unifbrmUtf 
in  the  Cross  Section. 

**  1.  The  road  is  to  be  thirty  feet  wide,  exclusive 
of  footpaths,  with  a  fall  of  six  inches  from  the  centre 
to  the  side  channels. 

"  2.  A  sod  to  be  laid  on  each  side  of  the  road, 
eight  inches  wide,  and  six  inches  in  thickness,  and 
in  such  a  manner  as  to  form  a  sloping  edge ;  the 
top  surface  of  the  sods  on  each  side  to  be  exactly 
on  the  same  level. 

"  3.  On  one  side  of  the  road  a  footpath  to  be 
made  behind  the  sod ;  it  is  to  be  six  feet  wide,  and 
to  have  an  inclined  surface  of  one  inch  in  a  yard 
towards  the  road ;  and  another  sod  to  be  laid  along 
the  outer  edge  of  the  footpath,  eight  inches  wide, 
the  top  of  it  on  a  level  with  the  footpath. 

"  4.  On  the  other  side  of  the  road  a  flat  mound 
of  earth  is  to  be  formed  behind  the  sod,  on  a  level 
with  the  top  of  it,  six  feet  wide ;  the  surface  of 
this  mound  is  to  be  sown  with  grass  seeds. 

"  5.  The  waste  land  on  each  side,  where  there 
is  any,  between  the  footpath,  or  the  mound,  and 
the  road  fences,  to  be  dug  over  and  made  quite 
smooth ;  when  these  wastes  are  covered  with  grass, 
the  sod  to  be  pared  off  each  breadth,  and  laid  on 
the  breadth  last  dug ;  when  they  are  not  in  grass, 
the  new  surface  is  to  be  sown  with  grass  seeds. 
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"  6.  If  there  is  a  ditch  on  the  road  side  of  the 
fence,  or  if  the  road  fence  consists  of  a  high  bank, 
a  new  post  and  rail  fence  is  to  be  made  close  along 
the  footpath  or  mound,  with  a  ditch  on  the  field 
side,  at  least  three  feet  deep." 

If  the  foregoing  rules  were  strictly  attended  to, 
the  safety  of  fast  travelling  by  night  coaches  would 
be  very  much  increased.  The  accidents  which 
occur  by  night  arise  chiefly  from  coachmen  getting 
off  the  road,  and  running  the  wheels  of  coaches  on 
high  footpaths  or  other  high  banks  of  earth  imme- 
diately on  the  sides  of  the  road ;  but  if  no  footpath 
were  higher  than  six  inches  above  the  side  channel 
of  the  road,  and  if  a  flat  mound  were  formed  of  the 
same  height  on  the  side  opposite  to  the  footpath, 
coachmen,  on  getting  oft'  the  road  in  fogs  or  snow 
storms,  would  be  able  to  pull  into  it,  or  stop,  with- 
out any  danger  of  being  overturned. 

The  parish  roads  might  be  much  improved  by 
attention  to  a  few  general  rules.  Twenty  feet  in 
breadth  should  be  carefully  set  out  and  defined  by 
a  row  of  sods  on  each  side. 

The  surface  should  be  brought  to  a  convexity  of 
six  inches  from  the  centre  to  the  sides,  by  laying 
on  good  road  materials.  The  ruts  should  be  filled 
with  hard  materials  from  time  to  time. 

The  space  on  each  side  between  the  sods  and 
the  fences  should  be  made  smooth,  with  an  incli- 
nation of  one  inch  in  a  yard  from  the  road  to  the 
fences.  Drains  should  be  made  along  the  fences, 
and  all  watercourses  and  drains  connected  with  the 
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road  should  be  constantly  kept  open,  and  free  from 
weeds. 

Those  parish  roads  which  are  very  narrow,  and 
whose  surface  is  below  the  level  of  the  adjoining 
fields,  and  on  which  streams  of  water  are  constantly 
runnuig,  should  be  new  made,  by  raising  them 
with  earth,  and  forming  a  roadway  of  good  mate- 
rials on  the  embankment. 
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CHAPTER  X. 


REPAIRING    ROADS. 


Ihe  business  of  repairing  a  road  should  always 
be  managed  on  a  regular  and  fixed  plan. 

The  following  matters  require  particular  atten- 
tion :  — 

1st.  The  quality  of  materials. 

2d.  The  quantity  to  be  put  on  per  mile  per 
annum. 

Sd.  The  preparation  of  the  materials. 

4th.  The  method  of  putting  them  on  the  road. 

5th.  The  number  of  labourers  to  be  employed. 

1st.  With  respect  to  the  quality  of  the  materials 
to  be  used :  the  hardest  should  always  be  preferred ; 
for  it  should  ever  be  borne  in  mind  that  hard 
stones  brought  from  a  distance  are  found  by  ex- 
perience to  be  cheaper  in  the  end  than  those  of 
a  softer  kind  which  may  be  got  near  the  road  at  a 
much  lower  price. 

Another  reason  for  making  use  of  the  hardest 
materials  that  can  be  procured  is  the  greatly  in- 
creased labour  of  horses,  which  is  occasioned  by 
working  into  a  smooth  sur&ce  often  renewed  coat- 
ings of  weak  materials.  With  respect  to  the  sub- 
ject generally  of  road  materials,  it  may  be  ob- 
served,  that  the  best  descriptions  consist  of  basalt, 
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granite,  quartz,  syenite,  and  porphyry  rocks,*  The 
whinstones  found  in  different  parts  of  the  United 
Kingdom,  Guernsey  granite,  Mountsorrel,  and 
Hartshill  stone  of  Leicestershire,  and  the  pebbles 
of  Shropshire,  Staffordshire,  and  Warwickshire,  are 
among  the  best  of  the  stones  now  commonly  in 
use.  The  schistus  stones  will  make  smooth  roads, 
being  of  a  slaty  and  argillaceous  structure,  but  are 
rapidly  destroyed  when  wet,  by  the  pressure  of 
wheels,  and  occasion  great  expense  in  scraping, 
and  constantly  laying  on  new  coatings.  Limestone 
is  defective  in  the  same  respect.  It  wears  rapidly 
away  when  wet,  and  therefore,  when  the  traffic  is 
very  great,  it  is  an  expensive  material.  Sandstone 
is  much  too  weak  for  the  surface  of  a  road ;  it  will 
never  make  a  hard  one,  but  it  is  very  well  adapted 
to  the  purpose  of  a  foundation  pavement.  Flints 
vary  very  much  in  quaUty  as  a  road  material.  The 
hardest  of  them  are  nearly  as  good  as  the  best 
limestone,  but  the  softer  kinds  are  quickly  crushed 
by  the  wheels  of  carriages,  and  make  heavy  and 
dirty  roads.  Gravel,  when  it  consists  of  pebbles  of 
the  hard  sorts  of  stones,  is  a  good  material,  parti- 
cularly when  the  pebbles  are  so  large  as  to  admit 
of  their  being  broken ;  but  when  it  consists  of 
limestone,  sandstone,  or  flint,  it  is  a  very  bad  one ; 
for  it  wears  so  rapidly  that  the  crust  of  a  road 
made  with  it  always  consists  of  a  large  portion  of 
the  earthy  matter  to  which  it  is  reduced.     This 

*  For  the  hardness  of  some  particular  kinds  of  stone,  see 
Appendix,  No.  III. 
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prevents  the  gravel  from  becoming  consolidated, 
and  renders  a  road  made  with  it  extremely  defec- 
tive with  respect  to  that  perfect  hardness  which  it 
ought  to  have.^ 

*  The  following  is  a  description  of  an  experiment  that  has 
been  made  of  the  use  of  iron  materials,  in  the  shape  of  small 
cubes,  mixed  with  broken  stones :  — 

Road  made  partly  wUh  broken  stone  and  partly  with  pieces  of 
cast  metaly  laid  on  over  a  sub-pavement  of  rubble  stone. 

This  plan  has  been  lately  tried  on  a  part  of  the  Holyhead 
Road  between  London  and  Birmingham,  and  appears  to  possess 
some  important  advantages,  which,  however,  can  only  be  ascer- 
tained with  certainty  by  a  trial  on  a  more  extended  scale,  and 
in  a  situation  where  there  is  a  much  greater  thoroughfare  of 
horses  and  carriages. 

The  plan  simply  consists  in  laying  on  pieces  of  cast  metal  on 
the  surface  of  a  road,  previously  well  constructed  in  the  manner 
recommended  by  Mr.  Telford,  and  adopted  in  all  the  new  works 
on  the  Holyhead  Road ;  that  is,  with  a  rubble  pavement  of 
large  stones,  covered  with  six  inches  of  good  hard  broken  stone. 
This  layer  of  stone  should  be  laid  on  in  two  successive  opera- 
tions ;  the  first  coat  should  not  be  more  than  three  inches  thick, 
and  which  should  be  kept  constantly  raked  until  it  became 
nearly  consolidated ;  the  second  coat  should  then  be  applied, 
and  raked  in  very  carefully  the  moment  a  carriage  track  ap- 
peared in  it.  When  this  coating  becomes  consolidated,  so  that 
a  carriage  could  pass  over  it  without  leaving  a  rut,  the  iron  may 
be  applied.  This  may  be  done  by  a  labourer.  He  should  be 
provided  with  an  iron  instrument  similar  to  a  marline-spike,  and 
about  twelve  inches  long ;  the  upper  six  inches  should  be  round, 
and  the  lower  six  should  be  tapered  down  to  a  square  point. 
With  this  tool  and  a  mallet  a  hole  should  be  made  in  the  road 
large  enough  to  receive  the  cube  of  metal,  which  should  be 
stuck  firmly  down,  until  the  upper  surface  of  the  iron  is  on  a 
level  with  the  surface  of  the  road.  The  stone  chip  caused  by 
making  the  hole  should  then  be  packed  round  the  iron,  and 
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2dly.  With  respect  to  the  quantity  of  materials 
to  be  put  on  a  road  in  tlie  course  of  a  year :  this 
should  be  regulated  by  the  traffic  and  the  dura- 
bility of  the  materials.  The  object  to  be  secured 
is,  to  give  the  road  a  degree  of  strength  sufficient  to 
make  it  smooth  and  hard,  not  only  in  ordinary  wea- 

beat  down  by  the  mallet  One  of  these  iron  cubes  should  be 
placed  in  the  manner  above  described  in  every  four  square 
inches  of  surface,  and  the  road,  if  the  work  be  done  in  summer, 
should  be  frequently  and  copiously  watered,  until  the  iron  cubes 
become  perfectly  fixed  and  firm  in  their  places,  which  will  be 
the  case  in  three  or  four  days,  even  with  a  limited  traffic  over 
the  road. 

It  was  in  this  way  that  the  experiment  was  made  on  the 
Holyhead  Road ;  the  cubes  of  iron  were  put  in  in  the  month  of 
March  1835,  and  became  consolidated  in  about  three  days: 
very  few  were  thrown  out  of  their  places  by  the  horses'  feet  or 
the  wheels  of  carriages  during  that  period ;  and  after  they  be- 
came consolidated  there  was  not  one  observed  to  move.  They 
have  been  now  on  the  road  two  years,  and  they  appear  to  have 
suffered  scarcely  any  wear.  The  road  has  remained  in  a  very 
perfect  state  up  to  the  present  time ;  and  during  the  whole  of 
the  last  winter,  which  was  singularly  unfavourable  for  roads,  it 
has  required  scarcely  any  scraping,  and  no  repairs  whatever 
from  the  first  time  it  was  laid  down.  There  b  nothing  in  the 
appearance  of  the  road  to  indicate  that  it  is  at  all  different  from 
common  stone  roads,  and  it  requires  a  close  examination  to 
detect  the  iron.  The  horses  do  not  slip  in  the  least,  and  the 
wheels  of  carriages  pass  over  it  apparently  with  great  ease  of 
draught. 

In  streets  iron  may  prove  of  great  advantage,  as  it  will  cer- 
tainly diminish  to  a  great  extent  the  nuisance  of  constantly 
picking  up  the  surface  and  laying  on  new  materials.  The  iron 
of  which  the  cubes  are  cast  may  be  of  the  very  worst  and 
cheapest  description,  and  will  probably  not  cost  the  third  part 
of  common  castings. — J.  MacneilL 
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ther,  but  during  the  whole  of  the  winter  months. 
The  materials  should  be  quarried,  carted,  and 
broken  by  contract.  When  brought  to  the  road, 
they  should  be  packed  in  depots,  or  laid  up  on 
the  wastes,  in  regular  shaped  heaps,  so  as  not  to 
interfere  with  the  side  channels  of  the  road. 

3dly.  When  the  materials  are  stone  they  should 
be  broken,  as  before  described,  to  a  size  of  a  cubical 
form,  not  exceeding  two  inches  and  a  half  in  their 
largest  dimensions. 

When  gravel  is  used,  the  persons  who  dig  it 
should  be  required  to  pass  it  through  sieves  before 
it  is  carted,  so  that  no  gravel  pebble  less  than  one 
quarter  of  an  inch  in  diameter  should  be  carried 
from  the  pits  to  the  road ;  and  when  there  it  should 
be  again  sifted  by  the  labourers,  so  as  to  separate 
the  pebbles  that  are  less  than  three  quarters  of  an 
inch  in  diameter  from  the  rest;  all  the  pebbles 
exceeding  one  inch  in  diameter  should  be  broken. 

4thly.  The  materials,  after  they  have  been  pro- 
perly prepared,  should  be  laid  on  in  small  quan- 
tities at  a  time. 

In  those  places  where  the  surfece  of  the  road 
has  become  much  worn,  a  coating  of  two  inches 
and  a  half  of  materials  should  be  laid  on ;  that  is 
to  say,  a  coating  only  a  single  stone  in  thickness, 
when  stones  are  used ;  and  when  gravel  is  used,  a 
coating  not  exceeding  one  inch  in  thickness  should 
be  laid  on.  If  more  materials  are  necessary,  they 
should  be  laid  on  in  successive  coatings  after  the 
first  coatings  are  worked  in.  After  a  coating  has 
been  laid  on,  the  edges  of  it  should  be  covered 
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with  the  scrapings  of  the  road  to  the  breadth  of 
eighteen  inches.  This  will  contribute  very  much 
to  relieve  the  horses  when  drawing  carriages  over 
it,  and  to  its  being  quickly  consolidated. 

The  work  of  repairing  roads  by  lajdng  on  new 
coatings  of  materials  ought  to  be  done  between  the 
months  of  October  and  April,  and  when  the  sur- 
face is  wet.  By  laying  on  the  materials  at  this 
season  of  the  year  in  thin  coatings,  they  are  soon 
worked  into  the  surface,  without  being  crushed  into 
powder,  and  without  producing  any  great  distress 
to  horses  drawing  carriages  over  them. 

Care  should  be  taken  to  lay  on  small  quantities 
of  material,  even  so  little  as  a  shovelfull,  on  the 
appearance  of  a  rut  or  hollow.  The  practice, 
which  is  in  some  places  followed,  of  picking  up 
and  loosening  the  surface  before  laying  on  a  new 
coating  of  materials,  destroys  a  great  quantity  of 
the  old  ones,  is  attended  with  a  heavy  expense, 
and  is  productive  of  no  good  whatever.  However 
hard  the  surface  of  a  road  may  be,  when  a  coating 
is  laid  upon  it,  this  coating  keeps  the  surface 
damp,  and  softens  it,  so  as  to  let  the  new  stones 
fasten  themselves  into  it. 

5thly.  When  the  funds  will  admit  of  it,  a  road 
should  be  divided  into  districts  of  four  miles  each ; 
and  a  foreman,  with  three  labourers,  should  be 
appointed  for  each  district.  The  foreman  and  one 
or  more  of  the  labourers  should  be  daily  on  the 
road,  taking  care  that  the  surface  and  side  channels 
are  kept  clean,  and  making  good  any  defect  as  soon 
as  it  appears. 
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The  foreman  should  work  with  the  men:  he 
should  take  care  that  the  orders  of  the  surveyor 
are  attended  to,  and  be  able  to  measure  road  work. 
When  the  men  are  not  wanted  on  the  road,  they 
should  be  employed  by  task  work  in  getting  and 
preparing  materials. 

A  regular  plan  should  be  arranged,  and  strictly 
adhered  to,  for  keeping  the  water  channels  and 
drains  always  open  and  free  from  dirt 

In  the  month  of  October  in  each  year,  every 
water  channel  and  drain  should  undergo  a  general 
repair,  and  be  cleared  of  all  deposited  earth  and 
weeds. 

At  the  same  time  all  ruts  and  hollows  should  be 
carefully  filled  with  materials,  and  all  weak  parts 
of  the  surface  coated  with  materials;  that  is  to 
say,  the  road  should  be  put  in  every  respect  into  a 
complete  state  of  repair,  so  as  to  preserve  it  from 
being  broken  up  during  the  approaching  winter.* 

Nothing  is  more  important  to  be  attended  to,  in 
order  to  preserve  a  road  in  good  order,  than  the 
continual  scraping  of  it.  This  work  should  be 
done  after  every  heavy  fall  of  rain,  so  as  never  to 

*  M .  Berthault  Ducraux,  Ingenieur  des  Fonts  et  Chauss^es, 
in  his  Treatise  <<  De  I'Entretien  des  Routes,"  implies,  from  the 
expression  of  <'  all  ruts "  here  made  use  of,  that  the  principal 
roads  of  England  are  cut  into  ruts.  As  the  rule  here  recom- 
mended to  be  followed  applies  to  all  roads,  and  as  there  are 
many,  but  not  of  any  general  use,  still  rutted,  the  expression  is 
a  correct  one,  although  none  of  the  principal  roads  have  ruts  on 
them.  The  statement  of  M.  Navier,  in  his  work  on  roads,  on 
this  point,  which  is  quoted  by  M.  Berthault  Ducraux,  is  quite 
correct 
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allow  the  mud  to  be  more  than  half  an  inch  thick. 
Throughout  the  winter  every  road,  where  the 
traffic  is  great,  should  be  scraped  once  at  least  a 
week.  By  doing  this  the  surface  becomes  dry 
in  the  intervals  between  showers;  ruts  are  not 
formed,  and  the  workmen,  while  scraping,  discover 
the  parts  of  the  surface  which  require  materials  to 
be  laid  on  in  order  to  prevent  hollows  and  holes 
from  being  made. 

The  great  expense  necessary  to  be  incurred  in 
scraping,  when  the  materials  consist  of  gravel  or 
stones  of  inferior  quality,  points  out  the  expediency 
of  taking  pains  to  procure  the  hardest  stones.  In- 
stances are  not  wanting  of  roads  which  never  re* 
quire  to  be  scraped,  but  they  occur  only  where 
materials  such  as  the  pebbles  of  Warwickshire  and 
Staffordshire  and  other  similar  hard  substances  are 
used,  and  where  the  road  has  a  perfect  exposure 
to  the  sun  and  wind.* 

The  road-men  should  scrape  from  the  centre  to 
the  sides ;  the  mud  should  not  be  scraped  into  or 
allowed  to  remain  in  the  channels,  as  is  too  fre- 
quently the  case,  but  should  be  put  into  small 
heaps,  about  one  foot  from  the  side  channels,  so  as 
not  to  stop  the  running  of  water  in  them. 

These  heaps  should  always  be  removed  the 
moment  the  mud  is  sufficiently  dry  to  admit  of  its 
being  put  into  carts  or  barrows. 

The  scrapings  should  never  be  laid  in  heaps  on 
the   wastes    or  footpaths,   but  should  be   spread 

*  For  a  description  of  a  new  scraping  machine,  see  p.  259. 
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evenly  over  the  hollow  parts  of  the  wastes,  till  they 
are  brought  to  a  regular  surface,  and  afterwards 
they  should  be  carted  at  once  off  the  road  to  some 
convenient  place  till  they  can  be  otherwise  disposed 
of.  To  do  this  effectuaUy,  when  the  materials  are 
weak,  large  dep6ts  should  be  provided  on  the  sides 
of  the  roads,  about  four  times  the  size  of  the  depots 
which  have  been  proposed  for  holding  materials. 

Constant  attention  on  the  part  of  a  road  surveyor 
is  necessary  to  keeping  hedges  clipped,  and  the 
branches  of  trees  in  the  fences  lopped.  The  hedges 
should  be  cut  so  as  to  be  as  low  as  they  can  be 
kept  without  making  the  fence  unfit  for  confining 
cattle  within  them.  The  value  of  a  fiill  exposure 
to  the  sun  and  wind  in  contributing  to  the  preser- 
vation of  roads  is  shown  by  the  superior  condition 
at  all  times  of  roads  crossing  uninclosed  land. 

The  trustees  of  a  turnpike  road  should  require 
their  surveyor  to  lay  before  them,  at  the  commence- 
ment of  every  year,  an  estimate  of  the  work  he 
proposes  to  execute  in  the  ensuing  year.  In  this 
estimate  every  particular  should  be  specified; 
namely,  the  quantity  of  materials  to  be  provided, 
the  prices  to  be  paid  for  them,  the  labour  to  be 
employed,  &c.,  &c.  The  surveyor  should  be 
required  to  make  up  an  account  at  the  end  of 
every  month  of  the  money  received  and  paid  by 
him ;  and  he  should  also  make  up  an  annual 
account  showing  the  particulars  of  the  year's  ex- 
penditure, the  quantity  of  materials  bought  and 
carried  to  the  road,  the  sums  paid  for  day  labour, 
for  task  work,  and  for  cartage,  &c. 
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In  some  cases  the  practice  of  employing  a  pay- 
clerk  has  been  introduced  to  pay  for  all  the  road 
expenses,  in  order  to  relieve  the  surveyor  from  all 
trouble  about  pecuniary  matters,  and  at  the  same 
time  to  remove  as  much  as  possible  all  temptation 
to  swerve  from  his  duty.  This  practice  has  been 
attended  with  the  best  effects,  and  cannot  be  too 
strongly  recommended. 
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CHAPTER  XL 

ROAD    INSTRUMENTS    AND    TOOLS. 

The  principal  instruments  employed  in  surveying 
and  laying  out  roads  are  theodolites,  spirit  levels, 
and  sextants. 

TTieodoKtes. 

.k 

Theodolites  in  careful  and  experienced  hands 
are  the  best  instruments  for  laying  out  a  road,  and 
for  taking  horizontal  angles  and  intersections.  The 
rates  of  inclination  can  be  determined  at  once  by 
means  of  the  vertical  arch,  without  any  measure- 
ment by  the  chain  being  required:  they  are 
decidedly  the  best  instruments. . 

Theodolites  are  made  of  various  sizes  and  prices ; 
but  those  that  are  five  inches  in  diameter,  and  cost 
about  IjLj  are  the  most  suitable  for  road  purposes. 

These  instruments  are  divided  on  the  limb  into 
spaces  of  thirty  minutes,  and  by  means  of  a  vernier, 
single  minutes  can  be  read  off  with  great  precision. 

They  are  furnished  with  a  good  telescope  and 
spirit  level,  besides  two  levels  on  the  limb  set  at 
right  angles  to  each  other,  and  a  magnetic  needle 
or  compass  in  the  centre,  which  is  of  use  in  getting 
the  magnetic  bearing  of  any  line  in  the  survey,  or 
of  taking  the  bearings  independent  of  the  divisions 
on  the  limb. 
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The  tiieodolite  is  used  in  the  following  manner 
in  surveying  a  road :  — 

When  the  line  of  direction  is  fixed  upon,  the 
theodolite  is  set  up  over  the  first  point  in  the  sur- 
vey;  it  is  then  adjusted  by  means  of  the  spirit 
levels,  so  as  to  be  perfectly  level.  The  eye  piece 
of  the  telescope  is  moved  in  or  out  until  the  hain 
are  seen  distinctly ;  and  the  object  glass  is  adjusted 
to  distinct  vision,  according  to  the  distance  of  the 
levelling  staff'  from  the  instrument.  Zero  on  the 
limb  is  then  brought  to  coincide  with  zero  on  the 
vernier  plate,  and  the  limb  and  plate  are  then 
clamped  together.  After  this  is  done,  the  whole 
head  is  tunied  round  until  the  north  point  on  the 
compass  box  coincides  with  the  north  point  of  the 
needle.  The  limb  is  then  screwed  £ist,  and  the 
vernier  plate  undamped  and  turned  round  until 
the  staff*  is  seen  tlirough  the  telescope :  the  vernier 
plate  is  then  clamped,  and  the  observation  com- 
pleted by  turning  the  tangent  screws  of  the  limb 
and  of  the  vertical  arch,  until  the  centre  of  the  vane 
exactly  corresponds  with  tlie  centre  of  the  cross 
hairs  in  the  telescope.  The  degree  and  minute  on 
the  limb  and  vertical  arches  are  then  read  off  and 
entered  in  the  field  book. 

The  distance  from  the  instrument  to  the  staff  is 
then  measured  by  the  chain,  and  all  offsets  are  at 
the  same  time  measured  and  entered  in  the  book. 
The  length  of  the  distance  line  is  then  carefully 
entered,  and  the  theodolite  removed  and  again  set 
up  directly  over  the  point  previously  occupied  by 
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the  levelling  staff:  this  may  be  done  by  means  of 
the  plumb  line  usually  attached  to  the  instrument. 
The  next  operation  is  to  adjust  the  instrument 
perfectly  level,  and  to  send  the  staff  back  to  the 
point  originally  occupied  by  the  theodolite.  The 
vane  having  been  previously  adjusted  to  the  exact 
height  of  the  centre  of  the  telescope,  the  head  of 
the  instrument  is  then  turned  round  until  the  staff 
is  seen  in  the  field  of  view  of  the  telescope :  the 
head  is  then  clamped,  and  the  bisection  made  by 
means  of  the  tangent  screw  ;  the  vernier  plate  still 
remaining  steadily  clamped  to  the  limb.  The  ver- 
tical arch  is  then  examined,  to  see  if  the  degree 
and  minute  correspond  with  those  previously  ob- 
served :  if  not,  the  first  observation  must  be 
repeated.  The  vernier  plate  is  then  undamped, 
and  the  telescope  turned  round  towards  the  next 
line  of  direction  until  the  staff  appears  in  the  field 
of  view  ;  when  this  is  effected,  the  vernier  plate  is 
clamped,  and  the  observation  completed  as  before. 
In  this  way  the  survey  is  carried  on ;  and  the  per- 
pendiculars and  rates  of  inclination  are  afterwards 
calculated,  and  the  plan  and  section  laid  down  in 
the  usual  way. 

Spirit  Levels, 

Troughton's  levels,  which  are  considered  the 
best,  are  usually  made  with  very  powerful  tele- 
scopes and  delicate  ground  spirit  levels.  These 
instruments  are  usually  fourteen  inches  long,  but 
some  are  eighteen  and  others  twenty  inches  long. 
They  cost  from  12/.  to  18/.,  and  are  so  well  balanced 
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and  secured  that  they  wiU  not  require^  with  proper 
carCy  for  a  long  time,  any  adjustmenL 

The  method  of  using  these  instruments  is  as 
follows:  — 

When  the  direction  of  the  road  has  been  mariked 
out,  a  line  is  measured  by  a  chain  commencing  at 
the  beginning  of  the  new  line,  and  terminating  at 
that  point  where  the  inclination  of  the  surface  of 
the  ground  changes,  or  where  the  line  of  direction 
changes.  This  distance  is  carefully  entered  in  the 
field  book.  The  spirit  level  is  set  up  as  nearly  as 
possible  in  the  middle  of  this  line,  and  a  levdling 
staff  with  a  vane  is  held  by  assistants  at  each 
extremity  of  the  line :  the  telescope  is  then  ad- 
justed for  distinct  \'ision,  and  its  axis  brought  to  be 
truly  vertical,  by  means  of  the  spirit  level  and 
parallel  plates.  The  telescope  is  then  directed  to 
the  staff,  which  is  placed  at  the  commencement  of 
the  line,  and  the  assistant  is  directed  to  lower  or 
raise  the  vane  until  it  is  bisected  by  the  cross  hairs 
in  the  telescope :  the  height  marked  by  the  vane 
on  the  staff  is  then  set  doiAH  in  the  field  book  in 
the  column  headed  (back  observation).  The  tele- 
scope is  then  turned  round  until  the  staff  at  the 
termination  of  the  line  is  perceived  in  the  field  of 
view ;  the  necessary  signals  are  then  given  to  lower 
or  raise  the  vane  on  tlie  staff  until  its  centre  coin- 
cides with  the  cross  hairs  in  the  telescope:  the 
height  of  the  vane  on  the  staff  is  tlien  entered  in 
the  field  book  in  the  column  marked  for  obser- 
vation, and  the  magnetic  bearing  of  the  line  is  also 
observed  and  set  down  in  another  column.     Some- 
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limes  only  one  staff  is  used,  in  which  case  it  is 
removed  from  the  first  to  the  second  station  after 
the  observation  is  made.  When  very  great  accu- 
racy is  required,  the  level  is  set  up  by  measure- 
ment exactly  in  the  centre  between  the  two  staffs, 
for  by  this  means  the  errors  of  adjustment  and  any 
slight  deficiency  in  the  instrument  are  compensated 
and  mutually  destroy  each  other. 

Sextants, 

The  small  pocket  sextant  is  a  most  useful  instru- 
ment in  making  road  surveys ;  after  a  little  practice, 
it  can  be  used  with  great  facility,  and  will  be  found 
a  superior  instrument  to  the  common  surveying 
needle,  and  much  more  accurate,  besides  affording 
the  most  expeditious  method  of  making  surveys  of 
any  yet  known. 

ROAD  TOOLS. 

Spades. 

In  some  parts  of  the  clay  districts,  a  narrow 
spade,  considerably  curved  in  the  blade,  technically 
called  a  grafting  tool  (Plate  VII.  fig.  10.),  is  much 
used,  particularly  in  cutting  deep  drains  in  stiff 
clay. 

Sheveb. 

The  best  description  of  shovel  for  road  work  is 
pointed  in  the  blade,  and  has  a  curved  handle  to 
allow  the  workmen  to  bring  the  blade  flat  to  the 
ground  without  stooping.  (See  Plate  VII.  fig.  13.) 
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Trucks. 

When  metal  rails  can  be  laid  down,  the  truck  or 
small  waggon  is  the  best  description  of  carriage  for 
removing  earth.  A  drawing  of  one  of  these  is  given 
in  Plate  VII.  figs.  11  and  12  :  they  usually  hold  a 
cubic  yard  of  earth.  The  body  is  generally  made 
of  elm,  the  frame,  of  oak,  and  ihe  wheels  and  axles 
of  iron. 

Hammers. 

Two  descriptions  of  hammers,  which  are  the 
most  useful  in  road  works,  are  represented  in 
Plate  VII.  figs.  15  and  16.  The  handles  should 
be  flexible  and  made  of  straight  grained  ash,  par- 
ticularly those  used  for  breaking  pebbles :  the  small 
hammers  should  have  a  chisel  face,  and  the  larger 
ones  a  convex  one,  about  five-eights  of  an  inch  in 
diameter.  Those  made  of  cast  steel  are  the  best ; 
and  though  expensive  in  the  first  cost,  they  wear 
much  better  than  wrought-iron  ones,  and  very 
seldom  break  at  the  eye. 

Pronffed  Shovels. 

Pronged  shovels  are  useful  for  filling  stones, 
when  broken,  into  carts  or  barrows :  a  drawing  of 
one  is  given  in  Plate  VII.  fig.  7-  A  man  is  en- 
abled to  lifl  stones  with  much  greater  ease  and 
more  expeditiously  with  one  of  these  shovels  than 
with  a  common  one ;  besides,  he  lifls  them  without 
taking  up  any  earth  with  them. 
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Scrapers, 

Scrapers  are  sometimes  made  of  wood  shod  with 
iron,  but  those  made  of  plate  iron  are  preferable : 
they  should  be  six  inches  deep,  and  from  fourteen 
to  eighteen  inches  long  in  the  blade,  according  to 
the  materials  of  which  the  road  is  composed ;  the 
softer  and  more  fluid  the  mud,  the  longer  the 
scrapers  should  be  ;  they  should  be  turned  a  little 
roimd  at  the  ends,  to  prevent  the  mud  from  escaping. 
The  best  scrapers  are  made  of  old  saw  plates, 
stiffened  on  the  back  by  a  rib  of  wrought  iron,  or 
by  riveting  the  plate  to  a  board  of  elm,  cut  to  the 
proper  width  and  length,  and  about  half  an  inch 
thick. 

Patent  Road  Scraper. 

The  following  is  a  description  of  a  patent  road 
scraper :  — 

"  This  machine  consists  of  a  series  or  row  of 
scrapers  placed  in  a  frame,  and  mounted  on  wheels ; 
it  is  worked  crosswise  on  the  road,  and  deposits 
the  dirt  or  dust  on  the  side. 

"  The  machine  is  easily  used  by  one  man,  and 
cleans  above  a  mile  of  road  per  day,  or  about  five 
times  as  much  as  can  be  done  with  the  common 
scraper,  and  the  work  is  better  performed. 

"  The  advantages  from  the  use  of  this  implement 
may  be  stated  shortly  as  follows,  and  will  be 
readily  appreciated  by  surveyors  :  — 

"  1st.  Improvement  of  the  surface  of  the  roads, 
which  cannot  be  kept  hard  and  firm  unless  the 
road  be  frequently  scraped. 
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"  id.  The  facility  afibrdetl  to  &st  travelling,  bjr 
remo\iiig  a  great  obstructioD  to  the  progress  of 


*'  3d,  The  preser^^on  of  the  roods,  bv  reiiio\iiig 
the  dirt,  which  absorbs  and  retains  water  on  the 
surface. 

*'  4th.  Assistance  rendered  to  the  sur\'evor,  bv 
enabling  him  to  take  advantage  of  favouraUe 
periods  of  weather  for  cleaning  his  roads. 

**  oth.  The  sa\ing  of  money,  which  will  be  applied 
in  .strengthening  or  otherwise  improving  the  roads. 

**  M'herever  it  has  been  tried,  the  machine  has 
given  great  satisfaction,  and  the  patentees  are 
willing  to  send  machines  on  triaL"  * 


*  Messrs.  Boame  and  Hanis»  of  Dchester,  Somenctshire.  mre 
the  lialentees  of  this  machine. 

The  foUoving  letter  respecting  it  is  from  the  eDgineer  of  the 
Hokhead  Road :  ^ 

«  Sir,  Holyhead,  3d  March  1837. 

"  On  receipt  of  your  letter  this  mornings  I  spoke  to  the  fore^ 
man,  and  also  to  the  labourer  who  attends  to  the  road  roand 
this  harbour,  as  to  the  comparative  merits  of  the  old  and  new 
scrapers :  both  of  them  gave  the  preference  to  the  latter,  as 
doing  its  work  quicker  and  better  than  the  former. 

^  When  last  I  was  at  Corwen,  Hugh  Roberts  the  inspector 

told  me  that  two  of  his  men  had  had  a  dispute  as  to  which  of  the 

scrapers  was  the  best ;  they  set  to  work,  one  with  the  common, 

the  other  with  the  patent  scraper,  and  the  result  was,  that  the 

patent  scraper  took  the  dirt  off  cleaner  than  the  other,  as  was 

proved  by  that  part  of  the  road  on  which  it  had  been  used 

remaining  for  a  longer  time  without  requiring  to  be  scraped 

again  than  that  part  on  which  the  common  scraper  had  been 

employed. 

"  I  am.  Sir, 

**  Your  most  obedient  servant, 

••  Jons  Pro  VIS." 
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Hedging  Knives. 

■  _ 

These  instruments  have  been  long  used  in  Scot- 
land, where  they  are  called  plashing  tools:  they 
are  made  of  different  sizes;  that  represented  in 
Plate  VII.  fig.  14.  is  the  most  useful.  When  a 
labourer  is  a  little  practised  in  the  use  of  them,  he 
can  trim  a  hedge  as  well  as  a  gardener  with  a  pair 
of  shears,  and  much  more  expeditiously.  They 
should  be  made  sufficiently  light  to  enable  a  man 
to  use  them  with  one  hand,  and  care  should  be 
taken  by  the  maker  that  they  are  properly  balanced 
on  the  handle,  otherwise  a  workman  will  not  be 
able  to  wield  them  with  proper  effect.  The  great 
error  in  making  these  instruments  in  England  is 
that  of  making  them  too  heavy,  and  curving  the 
blade  too  much. 

Working  Levels. 

Working  levels  are  absolutely  necessary  in  laying 
out  new  works,  and  in  repairing  old  roads.  These 
instruments  are  easily  used  by  common  workmen. 
One  of  the  best  kind  of  these  levels  is  represented 
in  Plate  VII.  fig.  8.,  in  which  ABC  represents  the 
level,  upon  the  horizontal  bar  of  which  are  placed 
four  gauges,  a,  &,  c,  rf,  made  to  move  perpendicu- 
larly to  the  line  A  C,  in  dove-tailed  grooves  cut  in 
the  horizontal  bar.  When  any  of  these  are  adjusted 
to  project  a  proper  depth  below  the  line  A  C,  it 
may  be  fixed  by  a  thumb  screw,  wliich  will  retain 
the  gauge  in  the  desired  position. 

Fig.  9.  shows  a  section  of  the  horizontal  bar 
drawn  to  a  larger  scale,  as  marked  upon  the  edge 
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of  the  gauge.  Tliis  section  is  taken  through  the 
line  e/of  fig.  8.  In  this  figure  the  position  of  the 
square  iron  bolt,  or  screw  pin,  is  more  plainly  seen, 
and  also  the  washer  placed  under  the  thumb  screw. 
Three  of  these  bolts  pass  through  the  horizontd 
bar,  fig.  8.,  exactly  three  inches  above  the  line  A  C ; 
the  other,  seen  at  c/,  is  only  two  inches  above  the 
same  line. 

Levels  for  laying  out  slopes  are  best  made  of  a 
bar  of  wood,  three  inches  deep,  one  inch  thick,  and 
six  feet  long :  on  the  centre  near  the  middle  of  the 
rod,  a  triangular  piece  of  wood  of  the  same  thick* 
ness  is  nailed ;  the  sides  of  this  triangular  piece  are 
so  formed,  that  when  the  rod  is  placed  upon  a  slope 
of  one  to  two  or  one  to  three,  a  small  pocket  level 
placed  on  one  side  of  the  triangle  will  be  horizontal, 
and  the  bubble  ynJl  remain  in  the  centre. 

Rinff  Gauges. 

Ring  gauges  for  ascertaining  the  size  of  the 
broken  stones  are  extremely  useful.  A  ring  of 
tliis  description  is  represented  in  Plate  VII.  fig.  17- 
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ROAD    LEGISLATION. 


Turnpike  System. 

According  as  the  trade  and  wealth  of  England 
increased,  the  roads  became  wholly  unfit  for  the 
traffic  on  them,  and  this  led  to  the  introduction  of 
turnpike  tolls  and  boards  of  trustees  for  collecting 
the  tolls  and  superintending  the  roads. 

The  legislature  proceeded  on  a  principle  that 
was  a  perfectly  just  one,  and,  at  the  same  time,  in 
regard  to  its  efficacy  as  a  means  to  an  end,  one  in 
every  way  judicious  and  right.  For  nothing  can 
be  more  just  than  to  make  those  who  use  the  roads 
find  the  money  for  maintaining  them,  and  no  plan 
for  obtaining  such  a  large  amount  of  money  as  is 
necessary  for  maintaining  them  in  good  condition 
could  have  been  adopted  more  effective  for  that 
object.  If  rates  on  land  had  been  resorted  to,  the 
measure  would  inevitably  have  failed,  because  the 
landowners  would,  beyond  all  doubt,  have  pre- 
ferred bad  roads  and  low  rates  to  good  ones  and 
high  rates :  in  point  of  fact,  very  indifferent  roads 
would  have  answered  all  their  local  purposes.  If 
the  roads  had  been  vested  in  the  hands  of  govern- 
ment,  it  may  safely  be  said,  that  this  plan  would 
also  have  failed,  for  government  would  never  have 
been  able  to  obtain  the  consent  of  Parliamentto 
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vote  upwards  of  a  million  and  a  half  a  year  for 
those  roads  only  which  now  are  turnpike  roads. 
It  is  therefore  to  the  turnpike  system  of  manage- 
ment that  England  is  indebted  for  her  superiority 
over  other  countries  with  respect  to  roads. 

The  legislature,  by  providing  for  the  levying  of 
tolls,  and  giving  powers  to  persons  willing  to  come 
forward  as  subscribers,  commissioners,  or  trustees, 
and  act  together  for  the  purpose  of  making  new  or 
improving  old  roads,  adopted  the  wisest  principle 
for  securing  an  abundance  of  them. 

Had  the  legislature  depended  on  the  public 
treasury  or  on  rates  on  property  for  funds,  or  had 
it  refused  to  incorporate  those  persons  who  have 
executed  tlie  duties  of  turnpike  trusts,  and  given 
the  management  of  the  roads  to  the  government,  or 
left  them  wholly  with  the  parishes,  this  country 
could  never  have  reached  the  degree  of  wealth  and 
prosperity  to  which  it  has  arrived,  for  want  of  pro- 
per means  of  inland  communication. 

It  must  be  clear  to  every  one  who  has  carefully 
examined  this  subject,  that  nothing  but  leaving  the 
management  of  the  roads  to  those  persons  who  live 
in  their  neighbourhood  would  ever  have  induced 
the  people  of  England  to  pay,  as  they  now  do,  a 
revenue,  arising  from  turnpike  tolls,  to  the  amount 
of  1,400,000/.  a  year;  for,  although  tolls  are  in  every 
respect  fair  and  proper  for  the  purpose  to  which  they 
are  applied,  and  although  government,  by  employ- 
ing scientific  engineers,  might  have  expended  the 
produce  with  greater  skill  than  country  gentlemen, 
the  hostility  to  pay  them,  had  they  been  whoUy  at 
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the  disposal  of  government,  would  no  doubt  have 
prevented  their  being  generally  introduced,  and 
the  making  of  useful  roads  over  the  whole  country 
so  universally  as  they  have  been  made  under  the 
established  system. 

It  should  be  remembered,  that  turnpike  roads 
owe  their  origin,  in  many  instances,  to  private  sub- 
scriptions of  considerable  amount ;  and,  in  every 
such  case,  the  main  inducement  to  subscribe  must 
have  been  that  of  entrusting  to  the  subscribers  the 
management  of  the  funds,  and  giving  them  cor- 
porate powers. 

The  same  principle  of  association  has  led  to  the 
construction  of  the  canals,  the  docks,  the  great 
bridges,  and  all  the  most  useful  public  works  of 
the  country ;  and  it  is  not  conceivable  how  such 
large  funds  as  have  been  subscribed  for  making 
new  lines,  or  for  placing  parish  roads  under  turn- 
pike trusts,  could  have  been  obtained  as  have  been 
obtained,  had  not  the  legislature  acted  on  this 
principle. 

The  following  statement  has  been  taken  from 
**  An  abstract  of  the  income  and  expenditure  of 
the  trusts  of  England  and  Wales,  from  1st  January 
1835  to  31st  December  1835,  pursuant-  to  the  act 
3  &  4  Will.  IV.  cap.  80.*'  [Par.  papers,  session  1837, 
No.  328.] 

£ 

**  Revenue  received  from  tolls  -  1,469,317 

Money  borrowed  on  security  of  tolls     165,474 

Manual  labour      ...        -     397,665 

Team  labour  ...      134,861 
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£ 

Materials  for  surface  repairs  -     SI 5,835 

Interest  of  debt          -  -  -     301,508 

Improvements        -        -  -     211,808 

Debt  paid  off        ....      132,983 
Bonded  mortgage  debt        -  7»ll6»702 

Number  of  trusts,  1,111." 

It  would  appear  from  this  statement,  that  the 
management  of  the  finances  of  the  trusts  was  im- 
proving.  Against  the  sum  borrowed  in  1835,  of 
1 65,474/.,  is  be  set  the  sum  expended  in  improve- 
ments, of  211,808/.,  and  the  sum  paid  in  reducing 
debt,  of  132,983/.,  leaving  a  surplus  of  179,317/., 
arismg  from  care  and  economy.  The  great  change 
for  the  better,  within  a  few  years,  that  has  taken 
place  in  the  manner  in  which  trustees  attend  to 
their  duties,  has  introduced  an  improved  system  of 
management,  which  will,  no  doubt,  lead  to  the 
gradual  reduction  of  the  debt.  In  those  cases 
where  neither  principal  nor  interest  can  be  paid, 
there  does  not  appear  to  be  any  just  claim  on  the 
public  at  large,  upon  the  part  of  the  suffering  cre- 
ditors. Many  of  them  have  received  compensation 
for  their  money  by  the  improvement  of  their  estates, 
and  the  others  stand  in  the  same  position  as  all 
creditors  do  who  lend  money  on  speculation. 

But  although  it  is  unquestionably  true,  that  it  is 
to  the  turnpike  system  that  the  abundance  of  use- 
ful roads  is  owing,  it  must  at  the  same  time  be 
observed,  that  great  errors  have  been  committed 
in  carrying  the  system  into  operation.  For  how- 
ever numerous  and  however  usefid  the  roads  may 
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be,  they  are,  as  has  been  already  stated  more  than 
once,  extremely  imperfect,  in  comparison  with 
what  they  ought  to  be. 

In  respect  to  the  lines  of  direction,  it  has  been 
observed  that  they  are  every  where  extremely 
faulty.  They  have  comtnonly  been  carried  over 
all  the  hills  between  the  points  of  communication, 
whereas  they  might  have  been  kept  on  compa- 
ratively level  ground  along  the  valleys  of  the 
country. 

While  the  most  magnificent  improvements  have 
been  going  forward  in  all  other  kinds  of  public 
works,  displaying  the  greatest  efforts  of  human 
skill,  and  a  rapid  advancement  in  the  science  of 
civil  engineering,  scarcely  any  road  can  be  pointed 
out,  except  a  few  which  have  been  put  under  the 
management  of  civil  engineers,  that  is  not  defective 
in  the  most  essential  particulars. 

Who  is  to  blame  for  this  ?  Not  the  government, 
because  the  business  has  not  been  in  its  hands. 
The  leading  men  of  the  commercial  and  manufac- 
turing classes,  who  have  been  chi^y  concerned  in 
forming  companies  for  making  canals,  docks.bridges, 
and  other  splendid  improvements,  are  not  to  blame, 
for  they  have  been  too  generally  excluded  from  the 
business  of  road  management.  Nor  are  the  civil 
engineers  of  Great  Britain  to  blame,  because  they 
have  seldom  been  consulted :  on  the  contrary,  this 
profession  has  been  too  commonly  deemed,  by 
turnpike  trustees,  as  something  rather  to  be  avoided, 
than  as  useful  and  necessary  to  be  called  to  their 
assistance. 
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The  country  gentlemen  of  England,  in  point  of 
fact,  are  alone  responsible  for  the  defective  state  oi 
the  roads,  because  the  business  of  managing  them 
has  been  vested  by  the  legislature  exclusively  in 
their  hands. 

Dr.  Adam  Smith  bears  testimony  to  the  bad 
management  of  road  trustees  in  his  time.  He 
says :  "  The  money  levied  is  more  than  double  of 
what  is  necessary  for  executing,  in  the  completest 
manner,  the  work,  which  is  often  executed  in  a 
very  slovenly  manner,  and  sometimes  not  executed 
at  all.''  This  remark,  in  too  many  cases,  is  just  as 
applicable  now  as  it  was  when  first  made,  sixty 
years  ago. 

In  those  instances  where  a  turnpike  road  is  used 
merely  for  local  purposes,  however  defective  it  may 
be,  those  persons  only  are  put  to  inconvenience 
who  live  near  it ;  but,  where  a  turnpike  road  forms 
the  communication  between  populous  cities  or 
towns  at  a  considerable  distance  from  each  other, 
then  the  misconduct  of  trustees,  whether  arising 
from  negligence,  ignorance,  or  corruption,  is  of 
serious  importance,  and  calls  loudly  for  correction 
and  control. 

We  shall  now  proceed  to  state  what  appear  to  be 
the  principal  errors  in  legislation  which  have  been 
committed  in  giving  eflfect  to  the  turnpike  system. 

According  to  the  provisions  of  every  turnpike 
act,  a  great  number  of  persons  are  named  as 
trustees:  the  practice  is  to  make  almost  every 
opulent  farmer  or  tradesman  a  trustee,  residing  in 
the  vicinity  of  a  road,  as  well  as  all  the  nobility  and 
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persons  of  large  landed  property ;  so  that  a  trust 
seldom  consists  of  fewer  than  100  persons,  even  if 
the  length  of  the  road  to  be  maintained  by  them 
does  not  exceed  a  few  miles.  The  result  of  this 
practice  is,  that  in  every  set  of  trustees  there  are  to 
be  found  many  persons  who  do  not  possess  a  single 
qualification  for  the  office ;  persons  who  conceive 
they  are  raised  by  the  title  of  a  road  trustee  to  a 
station  of  some  importance,  and  who  too  often 
seek  to  show  it,  by  opposing  their  superiors  in 
ability  and  integrity,  when  valuable  improvements 
are  under  consideration ;  taking  care,  too  fre- 
quently, to  turn  their  authority  to  account,  by  so 
directing  the  expenditure  as  may  best  promote  the 
interests  of  themselves  or  their  connections. 

It  sometimes  happens  that  if  one  trustee,  more 
intelligent  and  more  public  spirited  than  the  rest, 
attempts  to  take  a  lead,  and  proposes  a  measure  in 
every  way  right  and  proper  to  be  adopted,  his 
ability  to  giVe  advice  is  questioned,  his  presumption 
condemned,  his  motives  suspected ;  and  as  every 
such  measure  will  almost  always  have  the  effect  of 
defeating  some  private  object,  it  is  commonly  met 
either  by  direct  rejection,  or  some  indirect  con- 
trivance for  getting  rid  of  it.  In  this  way  intelli- 
gent  and  public  spirited  trustees  become  disgusted, 
and  cease  to  attend  meetings;  for,  besides  fre- 
quently experiencing  opposition  and  defeat  at  the 
hands  of  the  least  worthy  of  their  associates,  they 
are  annoyed  by  the  noise  and  language  with  which 
the  discussions  are  carried  on,  and  feel  themselves 
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placed  in  a  situation  in  which  they  are  exposed  to 
insult  and  ill  usage* 

Numerous  cases  could  be  quoted  to  prove  the 
accuracy  of  what  is  here  stated ;  but  it  is  unneces* 
sary  to  do  so,  because  every  one  acquainted  with 
the  subject  who  reads  these  remarks  will  readily 
allow  their  general  correctness,  and  be  prepared  to 
admit  that  the  sketch  might  easily  have  been  still 
more  highly  coloured. 

There  is  one  eflfect  of  having  these  large  bodies 
of  managers,  which  is  particularly  deserving  of 
notice,  and  that  is,  the  necessary  want  of  uniformity 
and  system  in  their  measures.  It  often  happens 
that,  when  some  important  business  is  to  be  per- 
formed, one  set  of  ten  or  twenty  trustees,  aft«r 
devoting  a  great  deal  of  their  time  in  attending 
meetings,  finally  decide  upon  some  useful  measure, 
when  another  set  of  trustees  summon  a  meeting, 
and  rescind  all  their  fellow  trustees  have  done. 
This  is  a  course  of  proceeding  which  is,  of  itself, 
sufficient  to  establish,  beyond  all  dispute,  the  abso- 
lute necessity  of  some  considerable  change  in  the 
existing  system. 

Notwithstanding  that  the  state  of  the  turnpike 
roads  was  inquired  into  by  select  committees  of  the 
House  of  Commons  in  the  sessions  of  1819,  1820, 
and  1823,  and  that  in  consequence  of  their  reports 
a  new  general  turnpike  act  was  passed  in  1823, 
the  evil  of  the  mal-administration  of  the  powers  of 
trustees  has  not  been  cured  by  the  153  clauses  con- 
tained in  this  act     The  evil,  in  point  of  fact,  Iiaving 


ROAD    LEGISLATION.  271 

its  source  in  the  principle  on  which  the  body 
governing  road  business  is  formed,  is  not  of  a 
nature  to  be  cured  by  a  multitude  of  regulations ; 
and  the  framers  of  the  law  committed  a  great  error 
in  overlooking  this  point.  It  is  the  principle  of 
having  such  a  number  of  trustees,  all  possessing  the  * 
same  powers,  that  throws  every  thing  belonging 
to  road  operations  into  confusion,  and  produces 
the  waste  of  the  road  funds.  A  law,  therefore,  to 
do  any  good,  should  provide  that  the  number  of 
trustees  shall  be  limited  within  some  rational 
bounds,  or  that  the  executive  duties  should  be 
vested  in  a  small  body  of  them. 

The  committee  of  the  House  of  Commons  ap- 
pointed in  1823  to  inquire  into  the  state  of  the 
turnpike  roads  say,  in  their  report, — "  Your  Com- 
mittee would  therefore  strongly  recommend  to  the 
House  the  consideration  of  the  subject  of  making 
and  managing  the  roads  of  the  kingdom  in  the 
course  of  the  ensuing  session  of  parliament ;  feeling 
convinced,  that  whatever  plausible  appearance  the 
plan  may  assume  of  appointing  a  large  number  of 
noblemen,  gentlemen,  farmers,  and  tradesmen,  com- 
missioners of  the  roads,  that  the  practice  has  every 
where  been  found  to  be  at  variance  with  the  sup- 
posed efficiency  of  so  large  a  number  of  irrespon- 
sible managers;  and  that  the  inevitable  conse- 
quences of  a  continuance  of  this  defective  system 
will  be  to  involve  the  different  trusts  deeper  in 
debt,  and  leave  the  roads  without  funds  to  preserve 
them  in  proper  order.** —  (Report^  p.  9-) 

But  besides  diminishing  the  number  of  trustees, 
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other  steps  should  be  taken  in  order  to  secure  a 
uniform  and  efficient  system  of  management  of  the 
executive  business  of  maintaining  a  road. 

The  first  measure  that  should  be  taken  is  to  alter 
the  present  plan  of  having  road  business  transacted 
at  boards  of  trustees  at  which  every  trustee  has  a 
right  to  attend  and  vote.  Experience  proves  that 
no  contrivance  can  be  worse  for  managing  business 
than  a  board  consisting  of  numerous  commissioners 
or  trustees  possessing  equal  powers.  This  subject 
has  been  recently  examined  into  by  the  commis- 
sioners  of  excise  inquiry,  and  as  what  they  say 
upon  it,  in  their  twentieth  report,  is  in  every  respect 
applicable  to  turnpike  trusts,  the  following  extract 
has  been  taken  from  that  report : — 

"  In  submitting  this  topic  for  consideration,  we 
should  add,  that  the  throwing  aside  of  control  is 
not  the  only  inconvenience  that  arises  from  placing 
the  administration  of  public  business  under  a  board ; 
and  that  after  having  directed  much  attention  to  an 
examination  of  the  question,  as  to  the  most  eligible 
mode  of  conducting  those  portions  of  the  public 
business  which  are  at  present  intrusted  to  the 
management  of  boards,  we  have  come  to  the  con- 
clusion that  there  are  defects  inherent  in  the  nature 
of  boards,  constituted  like  those  of  the  principal 
revenue  departments,  which  prevent  the  af&irs 
intrusted  to  them,  and  more  especially  those  which 
relate  to  the  discipline  and  control  of  large  classes 
of  subordinate  officers,  from  being  conducted  witli 
that  degree  of  dispatch  and  efficiency,  which  are 
exerted  when  the  governing  powers  are  in  fewer 
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hands,  and  exercised  under  a  less  divided  respon- 
sibility. In  speaking*  of  the  boards  thus  consti- 
tuted, as  consisting  of  numerous  commissioners 
exercising  equal  powers,  we  are  aware  that  the 
numbers  of  each  board  have  been  of  late  years 
much  reduced :  still,  however,  a  board  composed  of 
even  six  or  seven  members  must  be  considered  as 
a  numerous  body  for  the  dispatch  of  executive 
business ;  and  it  may  be  added,  that  although  the 
consequence  of  the  reduction  of  numbers  may 
have  been  the  exertion  of  an  increased  degree  of 
diligence  and  attention  on  the  part  of  the  individual 
members  of  whom  the  boards  now  consist,  still  that 
the  defects  in  the  general  system  of  managing  their 
business  continue  to  be  much  the  same  in  character, 
though  perhaps  less  in  degree,  whether  the  boards 
consist  of  twelve  members  or  of  six.  Amongst 
these  defects,  experience  has  shown  the  existence 
of  a  general  disposition  to  avoid  or  postpone  the 
discharge  of  those  branches  of  the  duty  of  a  govern- 
ing  authority  which  require  the  exertion  of  indi- 
viduals; and  on  the  other  hand,  a  disposition  to 
make  continual  references  to  subordinate  officers 
to  obtain  knowledge  and  information.  The  con- 
sequence of  such  habits  are  continual  delays  and 
adjournments  of  business ;  waste  of  time  in  debates ; 
and,  instead  of  that  activity  and  energy,  (which 
should  be  the  characteristics  of  a  body  on  whose 
superintendence  depends  the  due  administration  of 
a  complicated  branch  of  laws  and  regulations  requi- 
ring constant  attention  and  variations  in  practice  to 
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adapt  them  to  the  objects  for  which  they  are  to  be 
enforced,)  it  has  been  found  to  be  a  prevailing 
custom  to  allow  business  to  run  its  course  accord* 
ing  to  routines  of  ancient  regulation.  Changes 
and  reforms  of  any  large  and  therefore  useful  kind 
are  avoided ;  means,  that  have  been  provided  at  a 
great  expense  for  the  checking  of  the  violation  of 
the  laws  and  the  protection  of  the  revenue,  are  not 
brought  into  action.  The  powers  of  boards  almost 
always  fall  into  the  hands  of  some  clever  and  active 
subordinate  officer ;  while  the  silence  and  secrecy 
with  which  their  proceedings  are  carried  on  leave 
the  public  uninformed  of  them,  and  thus  allow 
abuses  to  grow  up  and  go  on  to  a  great  extent 
without  correction.  In  confirmation  of  what  is 
here  stated,  the  preceding  pages  of  this  report,  and 
the  evidence  annexed  to  it,  may  be  referred  to,  as 
showing  that,  in  the  case  of  the  board  of  excise, 
the  first  class  of  surveying-general-examiners  directs 
many  of  its  principal  proceedings :  tlie  under  secre- 
tary, from  his  long  experience  and  abilities,  has 
necessarily  a  preponderating  influence ;  the  routine 
of  business  is  carried  on  with  a  strict  adherence  to 
old  forms ;  and  although  expensive  schemes  for 
suppressing  smuggling  have  been  adopted,  they 
have  not  always  produced  much  effect,  for  want  of 
activity  and  energy  in  enforcing  them.  Through- 
out the  department  there  is  much  room  for  more 
uniformity,  simplicity,  and  economy  both  in  time 
and  expense,  whilst  the  general  course  of  its  pro- 
ceedings does  not  appear  to  be  governed  by  any- 


ROAD    LEGISLATION.  275 

thing  like  a  system  of  fixed  principles,  such  as  we 
might  expect  to  find  established  for  regulating  the 
administration  of  a  great  public  department. 

"  There  is  another  great  defect  to  be  noticed  be. 
longing  to  the  management  of  business  by  boards, 
and  that  is,  the  depriving  of  the  public  of  the  security 
of  personal  responsibility  for  the  proper  perform- 
ance  of  its  business.  In  the  case  of  managing  the 
excise  duties,  the  First  Lord  of  the  Treasury  and 
the  Chancellor  of  the  Exchequer  are  relieved  in  ap- 
pearance from  responsibility  by  a  board  appointed 
with  full  powers  to  collect  them,  and  the  public 
adopt  what  exists  in  appearance  as  a  reality,  and 
do  not  consider  them  responsible* 

"  The  responsibility  of  the  board,  as  a  board,  is 
of  no  value  whatever ;  and,  as  to  the  conunissioners 
individually,  no  one  of  them  is  responsible  for  the 
acts  of  the  board,  as  others  participate  with  him  in 
all  he  does,  and  as  much  may  be  done  in  which 
some  member  of  the  board  has  not  acted ;  so  that 
in  fact  the  appointing  of  a  board  of  several  com- 
missioners with  equal  powers,  as  the  head  of  a 
sub-department  for  revenue  purposes,  completely 
sets  aside  all  responsibility. 

*^  Experience  of  managing  business  by  boards 
(a  system  which  in  this  country  is  so  common) 
affords  a  complete  illustration  of  the  correctness 
of  the  preceding  observations.  The  proceedings  of 
the  numerous  boards  of  commissioners  for  paving 
and  lighting,  and  of  sewers,  are  seldom  mentioned 
but  in  terms  of  complaint  and  condemnation.   The 
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conduct  of  vestries,  which  are  boards  of  a  more 
extended  kind,  produced  so  much  evil  while  they 
had  the  management  of  the  poor  that  it  led  to 
their  being  set  aside  by  the  new  Poor  Law  ;  and 
such  has  been  the  general  bad  management  of 
commissioners  of  turnpike  roads,  that,  by  common 
consent,  parliament  is  called  upon  to  introduce 
some  great  change  in  the  system.  When  a  board 
is  composed  of  numerous  members,  many  of  them 
have  too  many  occupations,  and  many  are  too  in- 
dolent, or  of  too  much  dignity,  to  attend  to  the 
business  of  it ;  and  thus  the  apparent  management 
by  the  whole  body  becomes  a  screen  for  the  mea- 
sures of  a  few,  into  whose  hands  the  management 
practically  falls.  Thus  it  may  happen,  that  for 
want  of  attendance,  want  of  intelligence,  want  of 
economy,  or  want  of  some  other  requisite  in  the 
quarter  to  which  the  actual  management  has  been 
left,  the  most  lavish  and  wasteful  expenditure  of 
funds  may  take  place,  and  the  interests  of  the  public 
sacrificed  in  this  and  a  number  of  other  ways. 

"  As  to  the  fitness  of  a  single  person  to  discharge 
the  duties  of  the  head  of  a  revenue  department,  so 
far  as  fitness  consists  of  intelligence,  activity,  and 
energy,  this  would  be  insured  in  a  higher  degree  in 
a  single  person  than  in  a  board.  The  exertion 
which  an  individual  would  be  called  upon  and  be 
able  to  make  would  secure  a  higher  degree  of 
intelligence,  while  the  admitted  superior  force 
of  individual  activity  and  energy  would  not  be 
weakened  by  waiting  for  the  opinions  of  others,  by 
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debating  with  and  gaining  over  others,  by  being 
driven  to  take  unnecessary  steps,  and  by  adjourn- 
ments of  business."  * 

The  commissioners  have  made  out  their  case  so 
completely,  of  the  unfitness  of  boards  to  manage 
business,  that  it  is  unnecessary  to  say  an)i;hing 
more  on  the  subject.  All  that  is  known  of  the 
proceedings  of  turnpike  trusts  corroborates  the  ac- 
curacy and  soundness  of  the  reasoning  and  con- 
clusions of  the  commissioners. 

In  order  to  remedy  this  evil  of  board  manage- 
ment of  roads,  a  law  should  be  made  containing  the 
following  provisions :  — 

1.  That  every  trust  shall  elect,  by  ballot,  a 
chairman,  a  deputy  chairman,  and  three  more  to 
form  a  committee  of  trustees. 

2.  That  in  each  year  every  surveyor  of  a 
road  shall  lay  before  the  trustees  of  it  an  estimate, 
showing  the  work  to  be  done  in  the  ensuing  year, 
and  the  expense  to  be  incurred. 

3.  That  the  trustees  shall  immediately  pro- 
ceed to  examine  the  estimate,  and  to  declare  what 
works  shall  be  executed  in  the  ensuing  year,  and 
what  expense  shall  be  incurred  upon  them, 

4.  That  the  chairman  of  the  committee  shall 
have  the  sole  direction  of  the  execution  of  the 
works,  and  shall  be  empowered  to  give  orders  for 
paying  for  them. 

5.  That  the  chairman  shall  have  the  power  of 
appointing  and  dismissing  surveyors  and  laboiu*ers. 

♦  Twentieth  Report  of  the  Commissioners  of  Excise  Inquiry,, 
p.  128. 

T  3 


278  A    TREATISE    ON    ROADS. 

6.  That  the  chairman  shaU  have  the  power  of 
letting  tolls ;  but  no  letting  to  be  final  without  its 
having  been  first  approved  of  by  a  board  of 
trustees. 

7.  The  chairman,  deputy  chairman,  and  com- 
mittee to  remain  in  office  for  three  years.  In  case 
of  vacancies  the  trustees  to  meet  and  fill  them  up. 

8.  The  deputy  chairman  to  act  for  the  chairman 
in  case  of  sickness,  or  absence  from  other  causes. 

9.  The  committee  to  assemble  whenever  they 
are  summoned  by  the  chairman,  to  deliberate 
and  give  their  advice  upon  whatever  subjects  he 
brings  before  them. 

10.  A  salary  to  be  paid  to  the  chairman. 

11.  The  chairman  annually  to  lay  a  report  of 
his  proceedings  before  the  trustees. 

If  this  plan  were  adopted,  the  following  practical 
advantages  would  follow : — 

1 .  The  expenditure  would  be  founded  on  well 
prepared  and  well  considered  estimates. 

2.  Instead  of  the  management  and  direction  of 
the  expenditure  being,  as  it  now  is,  practically  in  the 
hands  of  the  clerks  and  surveyors,  it  would  be  vested 
in  persons  chosen  for  their  qualifications  to  transact 
such  business  by  the  free  election  of  the  trustees. 

3.  The  responsibility  that  would  be  thrown 
upon  those  persons  would  induce  them  to  study 
the  science  and  art  of  road-making,  and  no  doubt, 
in  a  short  time  it  would  be  seen,  not  only  that  the 
expenditure  was  more  economically  conducted,  but 
that  scientific  management  would  supersede  the 
existing  system,  under  which  the  roads  are  so  des- 
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titute  of  neatness  and  uniformity  in  appearance, 
and  so  defective  in  solidity  and  hardness. 

4.  The  business  of  controlling  the  letting  of  the 
tolls,  and  of  deciding  upon  the  works  to  be  exe- 
cuted, would  remain  in  the  body  at  large  of 
trustees. 

It  is  only  by  legislating  on  principle,  and  in  this 
way  founding  an  efficient  governing  authority,  that 
any  general  and  useful  reform  can  be  secured  of 
the  existing  turnpike  trust  system.  So  long  as 
legislation,  overlooking  the  condition  of  the  fitness 
of  the  governing  authority  to  the  end  in  view,  seeks 
to  introduce  reforms  by  new  regulations  of  control 
to  be  brought  into  execution  by  boards  of  trustees, 
it  will  fail,  in  consequence  of  its  not  having  attacked 
the  cause  of  evil,  namely,  the  vicious  formation  of 
the  governing  authority.  * 

Another  great  evil  of  the  existing  system,  which 
a  new  law  should  correct,  is  that  of  placing  a  line 
of  road  imder  the  management  of  too  many  sepa- 
rate boards  of  trustees.  With  respect  to  cross- 
country roads,  it  may  be  difficult  to  apply  a  remedy 
to  the  evil ;  but  as  to  all  the  mail-coach  roads  of 
the  kingdom,  a  law  should  be  passed  to  provide  for 

*  Taking  into  consideration  the  whole  of  the  circumstances 
of  the  turnpike  roads,  it  would  appear  that  no  plan  could  be 
less  adapted  to  the  improvement  of  them  than  that  contained  in 
the  bills  which  were  brought  into  the  House  of  Commons  for 
consolidating  the  trusts  in  the  last  two  years.  They  did  not 
contain  any  regulations  founded  on  the  right  principles  of  the 
science  of  administration,  as  applicable  to  the  management  of 
road  money,  and  to  the  exercise  of  authority  over  officers  and 
workmen. 

T  4 
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the  consolidation  of  existing  trusts,  by  voluntary 
arrangements,  when  they  can  be  made ;  or,  by  taking 
advantage  of  the  expiration  of  the  existing  acts,  to 
vest  the  roads  to  which  they  relate  under  the 
management  of  the  adjoining  trusts,  so  as  to  have 
at  least  fifty  miles  in  each  trust  ♦ 

*  Extract  from  Mr.   Telford's  first  annual   report  on  the 
Holyhead   Road,    dated  May   4th   1824-,  p.  25:  — "Perfect 
management  must  be    guided  by  rules  and  regulations;  and 
these  must  be  carried  into  effect  by  the  unceasing  attention  of  a 
judicious  and  faithful  surveyor,  who  has,  by  actual  experience 
and  attention,  acquired  a  thorough  knowledge  of  all  that  is 
required  and  applicable  to  the  general  and  local  state  of  par- 
ticular districts,  as  regards  soil,  materials,  and  climate,  likewise 
the  sort  of  wear  to  which  the  surface  is  liable.     A  person  pos- 
sessed of  all  these  requisites,  and  otherwise  properly  qualified 
to  level  and  set  out  new  lines,  &c.  where  necessary,  must  re- 
ceive the  remuneration  such  a  character  merits,  and  may  always 
obtain,  in  this  active  and  industrious  country.     But  however 
convinced  and  well  disposed  trustees  may  be  to  give  this  re- 
muneration, the  tolls  of  five  or  six  miles  do  not  afford  the  means 
of  giving  it     The  consequence  is,  that  the  Shifnal  trust  (four 
miles)  has  hitherto  been  under  tlie  management  of  a  person  so 
little  acquainted  with  proper  road  business,  that  it  becomes  a 
serious  consideration  whether  it  will  be  prudent  to  suffer  the 
extensive  improvement  at  Priors  Leigh  to  be  entrusted  to  his 
care.      Until  the  parliamentry  commissioners  interfered,   and 
showed  a  practical  example,  the  Wellington  trust  (seven  miles) 
was  managed  almost  wholly  by  the  clerk :  he  had  a  sort  of  fore- 
man, who  appeared  to  be  only  partly  employed  on  the  road. 
And  on  the  Shrewsbury  tnist  (seven  miles),  as  has  already 
been  stated,  the  surveyor  and  contractor  were  united  in  the 
same  person.     All  these  managers  proceeded  without  regard  to 
any  rules  and  regulations  whatever,   receiving  only  occasional 
directions  from  some  of  the  most  active  of  the  trustees,  whose 
varying  opinions  served  more  to  distract  than  benefit  the  prac- 
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Another  very  great  defect  in  our  legislation  re- 
mains to  be  noticed,  namely,  the  want  of  some 
power  to  control  the  trustees  of  turnpike  roads, 
and  to  prevent  neglect  and  corrupt  practices.  No 
other  trustees  are  free  to  do  whatever  they  please 
with  perfect  impunity ;  and  no  reason  can  be  given 
for  not  making  every  one  who  takes  upon  himself 
such  an  office  accountable  before  a  proper  tribunal 
for  his  conduct  in  the  discharge  of  its  duties.  Dr. 
Adam  Smith  has  remarked  the  great  defect  in  the 
turnpike  laws  of  not  providing  such  a  control. 
Mr.  Burke  says,  **  It  is  of  the  very  essence  of  eveiy 
trust  to  be  rendered  accountable,  and  even  totally 
to  cease  when  it  substantially  varies  from  the  pur- 
poses for  which  it  could  have  a  lawful  existence." 
If  a  board  of  trustees  suffer  the  road  under  their 
care  to  get  into  a  bad  condition,  the  only  remedy 
is  to  indict  the  parish  through  which  the  road 
passes ;  but  nothing  can  be  more  contrary  to  every 
principle  of  justice  than  such  a  law.  In  all  cases 
where  trustees  have  the  management  of  landed 
property  applicable  to  the  maintenance  of  buildings, 
bridges,  and  roads,  proceedings  may  be  taken 
against  them  in  the  court  of  Queen's  Bench,  if  they 


tical  operations  of  the  workmen.  I  must  beg  leave  to  add,  that 
these  observations  are  applicable  to  all  trusts  of  similar  extent, 
and  are  evidence  of  the  propriety  of  establishing  districts  of  a 
magnitude  to  justify  a  more  perfect  arrangement,  and  the  em- 
ploying of  a  properly  qualified  surveyor,  whose  sole  occupation 
should  be  the  road  under  his  care,  and  who  should  also  be 
enabled  to  keep  constantly  employed  a  set  of  workmen 
thorougly  conversant  with  road  operations,  and  w^orking  chiefly 
by  contract.'* 
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abuse  tlie  trust  reposed  in  them.     In  the  case  of 
roads,  the  circumstance  of  the  funds  for  maintain- 
ing them  being  derived  from  tolls  should  make  no 
difference,  and  the  trustees  should  be  equally  liable 
with  those  who  have  the  management  of  estates  to 
be  brought  before  this  court.     But  this  remedy 
would  not  be  sufficiently  easy  and  efficacious.     A 
more  direct  and  ready  course  of  proceeding  would 
be  to  allow  complaints  against  trustees  to  be  brought 
by  petition  before  the  judges  at  assizes.      The 
judges  should  be  empowered  to  try,  with  a  jury, 
the  allegations  contained  in  the  petitions  ;  and  in 
case  of  a  verdict  in  favour  of  the  petitioners,  the 
judges  should  be  enabled  to  set  aside  the  trustees, 
and  name  commissioners  to  take  charge  of  the  road 
for  as  long  a  period  as  they  might  think  advisable. 
In  order  to  afford  further  protection  to  the  pub- 
lic against  the  misconduct  of  trustees,  the  House 
of  Commons  ought  not  to  allow  turnpike  bills  to 
be  passed  as  a  matter  of  course.     A  particular  set 
of  standing  orders  should  be  framed  for  the  purpose 
of  keeping  such  persons  in  check.     No  bill  should 
be  allowed  to  be  read  a  first  time  in  the  House  of 
Commons,  for  renewing  an  act,  until  after  a  select 
committee  had  been  appointed  to  examine  minutely 
into  the  state  of  the  road,  and  into  the  accounts  of 
it ;  and  time  should  be  allowed  for  petitions  to  be 
presented  to  the  House  against  the  bill,  and  for 
having  the  allegations  contained  in  them  fully  ex- 
amined. 

But  in  addition  to  the  measures  now  proposed, 
however  well  adapted  they  may  be  for  putting  the 
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trustees  under  more  control  than  thev  now  are, 
another  should  be  taken,  further  to  secure  an  upright 
and  efficient  discharge  of  duty,  namely,  that  of 
placing  them  under  a  central  board  of  commission- 
ers, with  powers  of  inspection  and  superintendence, 
but  not  with  such  powers  as  would  essentially 
interfere  with  local  management. 

Although  in  principle  the  general  policy  of 
England  is  right,  of  leaving  local  affairs  to  local 
management,  experience  of  the  working  of  it  seems 
to  show,  that,  whenever  the  interests  of  the  public 
at  large  are  mixed  up  with  local  affairs,  some  degree 
of  control,  on  the  part  of  the  public,  ought  to  be 
established.  When  local  affairs  are  of  such  a  na- 
ture that  they  are  confined  to  a  vicinage  of  limited 
extent,  the  only  persons  who  suffer  from  misma- 
nagement are  those  who  are  guilty  of  the  misma- 
nagement, and  no  one  need  pity  them,  or  try  to 
make  them  manage  better :  their  own  i  terests  will 
lead  in  time  to  the  proper  remedy.  But  when, 
under  the  plea  of  managing  local  affairs,  things  are 
done,  or  omitted  to  be  done,  by  which  the  public 
is  incommoded  and  injured,  then  the  local  authori- 
ties ought  to  be  brought  to  account,  and  their  mis- 
conduct exposed  and  corrected.  Now,  all  main 
turnpike  roads,  though  commonly  considered  as  of 
a  local  character,  involve  to  a  great  degree  some 
most  important  public  interests,  because  the  greatest 
number  of  those  who  make  use  of  them  are  strangers 
to  tlie  districts  through  which  they  pass ;  and 
therefore  the  public  should  be  protected  by  some 
controlling  authority  possessed  of  powers,  at  least, 
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to  ascertain  and  make  known  the  proceedings  of 
the  local  trustees. 

The  Commissioners  of  Woods,  Forests,  and 
Land  Revenue  are  well  suited  to  act  as  a  board 
for  this  purpose.  They  have  recently  been  ap- 
pointed to  do  the  business  heretofore  done  by  the 
Board  of  Works,  and  also  to  execute  the  powers 
vested  in  the  Commissioners  of  the  Holyhead 
Roads. 

If  the  principal  roads  in  England,  Scotland, 
and  Wales  were  placed  under  these  commissioners, 
they  should  have  power  given  to  them  to  cause 
annual  inspections  to  be  made  by  competent  civil 
engineers,  so  as  to  obtain  accurate  information  con- 
cerning the  proceedings  of  every  turnpike  trust. 
Every  trust  should  be  obliged  to  furnish  them  with 
an  annual  account  of  its  income,  expenditure,  and 
debt,  and  they  should  also  have  authority  to  inquire 
into  the  particulars  of  these  accounts.  An  annual 
report  should  be  made  to  parliament  by  the  com- 
missioners, containing  a  summary  of  the  information 
derived  from  their  inspections  and  inquiries. 

This  board,  in  addition  to  what  is  here  required 
of  it  as  a  board  of  control,  should  be  enabled  to 
assist  the  trustees  in  making  alterations  and  im- 
provements. It  should  be  authorised  to  have  sur- 
veys made  of  all  the  mail-coach  roads  of  Great 
Britain.  These  surveys  should  show  the  ground 
plan  of  each  road,  its  vertical  longitudinal  section, 
and  the  alterations  and  improvements  that  may  be 
made  in  it.  A  copy  of  the  survey  of  each  road 
should  be  given  to  the  trustees  who  have  the  ma- 
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nagement  of  it,  and  the  board  should  be  enabled  to 
make  an  arrangement  with  them  for  carrying  the 
necessary  alterations  and  improvements  into  execu- 
tion. 

In  order  that  the  board  may  be  competent  to 
make  such  an  arrangement,  powers  should  be  given 
to  it  to  issue  exchequer  bills  similar  to  those  pos- 
sessed by  the  commissioners  (under  57  Geo.  3. 
c.  54.)  for  issuing  exchequer  bills  for  public  works. 
Loans  should  be  made  to  the  trustees,  and  they 
should  be  permitted  to  lay  on  additional  tolls,  to 
pay  interest  at  the  rate  of  three  per  cent,  and  to 
provide  a  sinking  fund  for  repayment  of  at  least 
three  per  cent.  more. 

But  the  money  raised  by  these  loans  should  not 
be  paid  over  to  the  trustees  ;  it  should  be  held  by 
the  board,  and  expended  by  it  in  making,  by  its 
own  officers,  the  intended  alterations  and  improve- 
ments. 

The  board  should  have  power  to  purchase  land, 
procure  materials,  and  do  whatever  is  necessary  for 
making  new  roads ;  but  these,  when  finished,  should 
be  given  over  to  the  trustees. 

This  is  the  plan  which  has  been  acted  upon  by 
the  parliamentary  commissioners  in  making  the 
improvements  on  that  part  of  the  Holyhead  Road 
which  lies  between  London  and  Shrewsbury. 

When  the  parliamentary  commissioners  took  in 
hand  the  improvement  of  this  road  in  1820,  the 
road  between  London  and  Birmingham  was  one  of 
the  worst  in  England.     The  consequence  was,  that 
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nearly  all  the  travelling  between  London  and  Bir- 
mingham was  by  Oxford,  though  the  longest  way 
by  eight  miles ;  but  now,  the  travelling  has  since 
been  transferred  from  the  Oxford  to  the  Coventry 
line  ;  so  that  the  plan  now  proposed,  with  respect 
to  the  prospect  of  its  success,  has  the  sanction  of 
experience.* 

If  this  plan  for  assisting  trustees  in  improving 
the  roads  were  applied  in  the  first  instance  only 
to  the  principal  mail-coach  roads,  the  expense  to 
be  incurred  by  the  central  board  in  making  sur- 
veys and  inspections  would  be  of  moderate  amount. 
These  might  be  made  by  resident  civil  engineers, 
acting  under  a  chief  engineer.  The  salary  of  each 
resident  engineer  need  not  exceed  3001.  a  year. 
Four  assistant  engineers  in  England,  and  one  in 
Scotland,  would  be  able  to  do  all  the  business 
necessary  for  making  surveys  and  reports,  until  the 
central  board  should  have  to  execute  new  works. 
The  resident  civil  engineer,  under  Mr.  Telford,  Mr. 
John  Easton,  who  conducted  for  several  years  all  the 
works  on  the  road  between  London  and  Shrews- 
bury, received  but  200/.  a  year.  He  made  a  sur- 
vey of  the  whole  line ;  prepared  all  the  plans, 
estimates,    specifications,    and   drawings   for    the 

•  Mr.  HuskissoD,  as  chairman  of  the  commisaioDen  of  Land 
Revenue,  was,  ex  officioy  chairman  of  the  commissioners  of  the 
Holyhead  Road.  When  the  author  proposed  to  him  the  plan 
of  placing  the  trustees  of  this  road  under  their  control,  he  fiiUy 
approved  of  it,  saying  that,  if  the  plan  succeeded,  all  the  roads 
of  the  kingdom  ought  to  be  placed  under  a  similar  controL 
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improvements ;  inspected  the  contractor's  work ; 
and  instructed  the  surveyors  of  the  local  trusts  in 
carrying  on  the  repairs  of  the  road. 

The  following  extract  from  the  report  of  the 
Committee  of  the  House  of  Commons  in  1819f 
on  the  public  highways,  contains  remarks  which 
concur  fully  in  principle  with  the  recommend- 
ations now  given  for  the  improvement  of  the  turn- 
pike roads : — 

"  The  importance  of  land-carriage  to  the  pro- 
sperity of  a  country  need  not  be  dwelt  upon. 
Next  to  the  general  influence  of  the  seasons,  upon 
which  the  regular  supply  of  our  wants,  and  a  great 
proportion  of  our  comforts,  so  much  depend,  there 
is,  perhaps,  no  circumstance  more  interesting  to 
men  in  a  civilised  state,  than  the  perfection  of  the 
means  of  interior  communication.  It  is  a  matter, 
therefore,  to  be  wondered  at,  that  so  great  a  source 
of  national  improvement  has  hitherto  been  so  much 
neglected.  Instead  of  the  roads  of  the  kingdom 
being  made  a  great  national  concern,  a  number 
of  local  trusts  are  created,  under  the  authority  of 
which  large  sums  of  money  are  collected  from  the 
public,  and  expended  without  adequate  responsi- 
bility or  control.  Hence  arises  a  number  of  abuses, 
for  which  no  remedy  is  provided ;  and  the  resources 
of  the  country,  instead  of  being  devoted  to  useful 
purposes,  are  too  often  improvidently  wasted. 

**  Your  Committee  do  not  mean,  by  these  ob- 
servations, to  recommend  that  the  turnpike  roads 
of  the  kingdom  should  be  taken  into  the  hands 
of  government,   as    such  a  measure   is  liable  to 
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"  In  order  to  assist  the  surveyors  in  putting  their 
roads  into  a  good  shape,  I  have  drawn  up  the  fol- 
lowing specification :  — 

"  Specification  for  the  Regulation  of  the  Surface 
between  the  Fences^  so  as  to  establish  uniformity 
in  the  Cross  Section. 

"1.  The  road  is  to  be  thirty  feet  wide,  exclusive 
of  footpaths,  with  a  fall  of  six  inches  from  the  centre 
to  the  side  channels. 

"  2.  A  sod  to  be  laid  on  each  side  of  the  road, 
eight  inches  wide,  and  six  inches  in  thickness,  and 
in  such  a  manner  as  to  form  a  sloping  edge ;  the 
top  sur&ce  of  the  sods  on  each  side  to  be  exactly 
on  the  same  level. 

"  3.  On  one  side  of  the  road  a  footpath  to  be 
made  behind  the  sod ;  it  is  to  be  six  feet  wide,  and 
to  have  an  inclined  surface  of  one  inch  in  a  yard 
towards  the  road ;  and  another  sod  to  be  laid  along 
the  outer  edge  of  the  footpath,  eight  inches  wide, 
the  top  of  it  on  a  level  with  the  footpath. 

"  4.  On  tlie  other  side  of  the  road  a  flat  mound 
of  earth  is  to  be  formed  behind  the  sod,  on  a  level 
with  the  top  of  it,  six  feet  wide ;  the  surface  of 
this  mound  is  to  be  sown  with  grass  seeds. 

"  5.  The  waste  land  on  each  side,  where  there 
is  any,  between  the  footpath,  or  the  mound,  and 
the  road  fences,  to  be  dug  over  and  made  quite 
smooth ;  when  these  wastes  are  covered  with  grass, 
the  sod  to  be  pared  off  each  breadth,  and  laid  on 
the  breadth  last  dug ;  when  they  are  not  in  grass, 
the  new  surface  is  to  be  sown  with  grass  seeds. 
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"  6.  If  there  is  a  ditch  on  the  road  side  of  the 
fence,  or  if  the  road  fence  consists  of  a  high  bank, 
a  new  post  and  rail  fence  is  to  be  made  close  along 
the  footpath  or  mound,  with  a  ditch  on  the  field 
side,  at  least  three  feet  deep." 

If  the  foregoing  rules  were  strictly  attended  to, 
the  safety  of  fast  travelling  by  night  coaches  would 
be  very  much  increased.  The  accidents  which 
occur  by  night  arise  chiefly  from  coachmen  getting 
off  the  road,  and  running  the  wheels  of  coaches  on 
high  footpaths  or  other  high  banks  of  earth  imme- 
diately on  the  sides  of  the  road  y  but  if  no  footpath 
were  higher  than  six  inches  above  the  side  channel 
of  the  road,  and  if  a  flat  mound  were  formed  of  the 
same  height  on  the  side  opposite  to  the  footpath, 
coachmen,  on  getting  off  the  road  in  fogs  or  snow 
storms,  would  be  able  to  pull  into  it,  or  stop,  with- 
out any  danger  of  being  overturned. 

The  parish  roads  might  be  much  improved  by 
attention  to  a  few  general  rules.  Twenty  feet  in 
breadth  should  be  carefully  set  out  and  defined  by 
a  row  of  sods  on  each  side. 

The  surface  should  be  brought  to  a  convexity  of 
six  inches  from  the  centre  to  the  sides,  by  laying 
on  good  road  materials.  The  ruts  should  be  filled 
with  hard  materials  from  time  to  time. 

The  space  on  each  side  between  the  sods  and 
the  fences  should  be  made  smooth,  with  an  incfr 
nation  of  one  inch  in  a  yard  from  the  road  to  the 
fences.    Drains  should  be  made  aloiig  the  iSacoL 
and  all  watercourses  and  drains  coooected  wkh  (fce 
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road  should  be  constantly  kept  open,  and  free  from 
weeds. 

Those  parish  roads  which  are  very  narrow,  and 
whose  surface  is  below  the  level  of  the  adjoining 
fields,  and  on  which  streams  of  water  are  constantly 
running,  should  be  new  made,  by  raising  them 
with  earth,  and  forming  a  roadway  of  good  mate- 
rials on  the  embankment. 
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REPAIRING    ROADS. 


1h£  business  of  repairing  a  road  should  always 
be  managed  on  a  regular  and  fixed  plan. 

The  following  matters  require  particular  atten- 
tion :  — 

1st.  The  quality  of  materials. 

ad.  The  quantity  to  be  put  on  per  mile  per 
annum. 

Sd.  The  preparation  of  the  materials. 

4th.  The  method  of  putting  them  on  the  road. 

5th.  The  number  of  labourers  to  be  employed. 

1st.  With  respect  to  the  quality  of  the  materials 
to  be  used :  the  hardest  should  always  be  preferred ; 
for  it  should  ever  be  borne  in  mind  that  hard 
stones  brought  from  a  distance  are  found  by  ex- 
perience to  be  cheaper  in  the  end  than  those  of 
a  softer  kind  which  may  be  got  near  the  road  at  a 
much  lower  price. 

Another  reason  for  making  use  of  the  hardest 
materials  that  can  be  procured  is  the  greatly  in- 
creased labour  of  horses,  which  is  occasioned  by 
working  into  a  smooth  surface  often  renewed  coat- 
ings of  weak  materials.  With  respect  to  the  sub- 
ject generally  of  road  materials,  it  may  be  ob- 
served, that  the  best  descriptions  consist  of  basalt, 
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granite,  quartz,  syenite,  and  porphyry  rocks.*  The 
whinstones  found  in  different  parts  of  the  United 
Kingdom,  Guernsey  granite,  Mountsorrel,  and 
Hartshill  stone  of  Leicestershire,  and  the  pebbles 
of  Shropshire,  Staffordshire,  and  Warwickshire,  are 
among  the  best  of  the  stones  now  commonly  in 
use.  The  schistus  stones  will  make  smooth  roads, 
being  of  a  slaty  and  argillaceous  structure,  but  are 
rapidly  destroyed  when  wet,  by  the  pressure  of 
wheels,  and  occasion  great  expense  in  scraping, 
and  constantly  laying  on  new  coatings.  Limestone 
is  defective  in  the  same  respect.  It  wears  rapidly 
away  when  wet,  and  therefore,  when  the  traffic  is 
very  great,  it  is  an  expensive  material.  Sandstone 
is  much  too  weak  for  the  surface  of  a  road  ;  it  will 
never  make  a  hard  one,  but  it  is  very  well  adapted 
to  the  purpose  of  a  foundation  pavement.  Flints 
vary  very  much  in  quality  as  a  road  material.  The 
hardest  of  them  are  nearly  as  good  as  the  best 
limestone,  but  the  softer  kinds  are  quickly  crushed 
by  the  wheels  of  carriages,  and  make  heavy  and 
dirty  roads.  Gravel,  when  it  consists  of  pebbles  of 
the  hard  sorts  of  stones,  is  a  good  material,  parti- 
cularly when  the  pebbles  are  so  large  as  to  admit 
of  their  being  broken;  but  when  it  consists  of 
limestone,  sandstone,  or  flint,  it  is  a  very  bad  one ; 
for  it  wears  so  rapidly  that  the  crust  of  a  road 
made  with  it  always  consists  of  a  large  portion  of 
the  earthy  matter  to  which  it  is  reduced.     This 

*  For  the  hardness  of  some  particular  kiDds  of  stone,  see 
Appendix,  No.  III. 
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prevents  the  gravel  from  becoming  consolidated, 
and  renders  a  road  made  with  it  extremely  defec- 
tive with  respect  to  that  perfect  hardness  which  it 
ought  to  have.* 

*  The  following  is  a  description  of  an  experiment  that  has 
been  made  of  the  use  of  iron  materials,  in  the  shape  of  small 
cubes,  mixed  with  broken  stones:  — 

Road  made  partly  with  broken  stone  and  partly  with  pieces  cf 
cast  metaly  laid  on  over  a  sub-pavement  of  rubble  stone. 

This  plan  has  been  lately  tried  on  a  part  of  the  Holyhead 
Road  between  London  and  Birmingham,  and  appears  to  possess 
some  important  advantages,  which,  however,  can  only  be  ascer- 
tained with  certainty  by  a  trial  on  a  more  extended  scale,  and 
in  a  situation  where  there  is  a  much  greater  thoroughfare  of 
horses  and  carriages. 

The  plan  simply  consists  in  laying  on  pieces  of  cast  metal  on 
the  surface  of  a  road,  previously  well  constructed  in  the  manner 
recommended  by  Mr.  Telford,  and  adopted  in  all  the  new  works 
on  the  Holyhead  Road ;  that  is,  with  a  rubble  pavement  of 
large  stones,  covered  with  six  inches  of  good  hard  broken  stone. 
This  layer  of  stone  should  be  laid  on  in  two  successive  opera- 
tions ;  the  first  coat  should  not  be  more  than  three  inches  thick, 
and  which  should  be  kept  constantly  raked  until  it  became 
nearly  consolidated ;  the  second  coat  should  then  be  applied, 
and  raked  in  very  carefully  the  moment  a  carriage  track  ap- 
peared in  it.  When  this  coating  becomes  consolidated,  so  that 
a  carriage  could  pass  over  it  without  leaving  a  rut,  the  iron  may 
be  applied.  This  may  be  done  by  a  labourer.  He  should  be 
provided  with  an  iron  instrument  similar  to  a  marline-spike,  and 
about  twelve  inches  long ;  the  upper  six  inches  should  be  round, 
and  the  lower  six  should  be  tapered  down  to  a  square  point. 
With  this  tool  and  a  mallet  a  hole  should  be  made  in  the  road 
large  enough  to  receive  the  cube  of  metal,  which  should  be 
stuck  firmly  down,  until  the  upper  surface  of  the  iron  is  on  a 
level  with  the  surface  of  the  road.  The  stone  chip  caused  by 
making  the  hole  should  then  be  packed  round  the  iron,  and 

R   3 


246  A    TREATISE    ON    ROADS. 

2dly.  With  respect  to  the  quantity  of  materials 
to  be  put  on  a  road  in  the  course  of  a  year :  this 
should  be  regulated  by  the  traffic  and  the  dura^ 
bility  of  the  materials.  The  object  to  be  secured 
is,  to  give  the  road  a  degree  of  strength  sufficient  to 
make  it  smooth  and  hard,  not  only  in  ordinary  wea- 

beat  down  by  the  mallet.  One  of  these  iron  cubes  should  be 
placed  in  the  manner  above  described  in  every  four  square 
inches  of  surface,  and  the  road,  if  the  work  be  done  in  summer, 
should  be  frequently  and  copiously  watered,  until  the  iron  cubes 
become  perfectly  fixed  and  firm  in  their  places,  which  will  be 
the  case  in  three  or  four  days,  even  with  a  limited  traffic  over 
the  road. 

It  was  in  this  way  that  the  experiment  was  made  on  the 
Holyhead  Road ;  the  cubes  of  iron  were  put  in  in  the  month  of 
March  1885,  and  became  consolidated  in  about  three  days: 
very  few  were  thrown  out  of  their  places  by  the  horses*  feet  or 
the  wheels  of  carriages  during  that  period ;  and  after  they  be- 
came consolidated  there  was  not  one  observed  to  move.  They 
have  been  now  on  the  road  two  years,  and  they  appear  to  have 
suffered  scarcely  any  wear.  The  road  has  remained  in  a  very 
perfect  state  up  to  the  present  time ;  and  during  the  whole  of 
the  last  winter,  which  was  singularly  unfavourable  for  roads,  it 
has  required  scarcely  any  scraping,  and  no  repairs  whatever 
from  the  first  time  it  was  laid  down.  There  is  nothing  in  the 
appearance  of  the  road  to  indicate  that  it  is  at  all  different  from 
common  stone  roads,  and  it  requires  a  close  examination  to 
detect  the  iron.  The  horses  do  not  slip  in  the  least,  and  the 
wheels  of  carriages  pass  over  it  apparently  with  great  ease  of 
draught 

In  streets  iron  may  prove  of  great  advantage,  as  it  will  cer- 
tainly diminish  to  a  great  extent  the  nuisance  of  constantly 
picking  up  the  surface  and  laying  on  new  materials.  The  iron 
of  which  the  cubes  are  cast  may  be  of  the  very  worst  and 
cheapest  description,  and  will  probably  not  cost  the  third  part 
of  common  castings. — J.  MacncilL 
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ther,  but  during  the  whole  of  the  winter  months. 
The  materials  should  be  quarried,  carted,  and 
broken  by  contract.  When  brought  to  the  road, 
they  should  be  packed  in  depots,  or  laid  up  on 
the  wastes,  in  regular  shaped  heaps,  so  as  not  to 
interfere  with  the  side  channels  of  the  road. 

3dly.  When  the  materials  are  stone  they  should 
be  broken,  as  before  described,  to  a  size  of  a  cubical 
form,  not  exceeding  two  inches  and  a  half  in  their 
largest  dimensions. 

When  gravel  is  used,  the  persons  who  dig  it 
should  be  required  to  pass  it  through  sieves  before 
it  is  carted,  so  that  no  gravel  pebble  less  than  one 
quarter  of  an  inch  in  diameter  should  be  carried 
from  the  pits  to  the  road ;  and  when  there  it  should 
be  again  sifted  by  the  labourers,  so  as  to  separate 
the  pebbles  that  are  less  than  three  quarters  of  an 
inch  in  diameter  from  the  rest;  all  the  pebbles 
exceeding  one  inch  in  diameter  should  be  broken. 

4thly.  The  materials,  after  they  have  been  pro- 
perly prepared,  should  be  laid  on  in  small  quan- 
tities at  a  time. 

In  those  places  where  the  surfiice  of  the  road 
has  become  much  worn,  a  coating  of  two  inches 
and  a  half  of  materials  should  be  laid  on ;  that  is 
to  say,  a  coating  only  a  single  stone  in  thickness, 
when  stones  are  used ;  and  when  gravel  is  used,  a 
coating  not  exceeding  one  inch  in  thickness  should 
be  laid  on.  If  more  materials  are  necessary,  they 
should  be  laid  on  in  successive  coatings  after  the 
first  coatings  are  worked  in.  After  a  coating  has 
been  laid  on,  the  edges  of  it  should  be  covered 
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with  the  scrapings  of  the  road  to  the  breadth  of 
eighteen  inches.  This  will  contribute  very  much 
to  relieve  the  horses  when  drawing  carriages  over 
it,  and  to  its  being  quickly  consolidated. 

The  work  of  repairing  roads  by  laying  on  new 
coatings  of  materials  ought  to  be  done  between  the 
months  of  October  and  April,  and  when  the  sur- 
face is  wet  By  laying  on  the  materials  at  this 
season  of  the  year  in  thin  coatings,  they  are  soon 
worked  into  the  surface,  without  being  crushed  into 
powder,  and  without  producing  any  great  distress 
to  horses  drawing  carriages  over  them. 

Care  should  be  taken  to  lay  on  small  quantities 
of  material,  even  so  little  as  a  shovelfull,  on  the 
appearance  of  a  rut  or  hollow.  The  practice, 
which  is  in  some  places  followed,  of  picking  up 
and  loosening  the  surface  before  laying  on  a  new 
coating  of  materials,  destroys  a  great  quantity  of 
the  old  ones,  is  attended  with  a  heavy  expense, 
and  is  productive  of  no  good  whatever.  However 
hard  the  surface  of  a  road  may  be,  when  a  coating 
is  laid  upon  it,  this  coating  keeps  the  surface 
damp,  and  softens  it,  so  as  to  let  the  new  stones 
fasten  themselves  into  it. 

5thly.  When  the  funds  will  admit  of  it,  a  road 
should  be  divided  into  districts  of  four  miles  each ; 
and  a  foreman,  with  three  labourers,  should  be 
appointed  for  each  district.  The  foreman  and  one 
or  more  of  the  labourers  should  be  daily  on  the 
road,  taking  care  that  the  surface  and  side  channels 
are  kept  clean,  and  making  good  any  defect  as  soon 
as  it  appears. 
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The  foreman  should  work  with  the  men:  he 
should  take  care  that  the  orders  of  the  surveyor 
are  attended  to,  and  be  able  to  measure  road  work. 
When  the  men  are  not  wanted  on  the  road,  they 
should  be  employed  by  task  work  m  getting  and 
preparing  materials. 

A  regular  plan  should  be  arranged,  and  strictly 
adhered  to,  for  keeping  the  water  channels  and 
drains  always  open  and  free  from  dirt 

In  the  month  of  October  in  each  year,  every 
water  channel  and  drain  should  undergo  a  general 
repair,  and  be  cleared  of  all  deposited  earth  and 
weeds. 

At  the  same  time  all  ruts  and  hollows  should  be 
carefully  filled  with  materials,  and  all  weak  parts 
of  the  surface  coated  with  materials;  that  is  to 
say,  the  road  should  be  put  in  every  respect  into  a 
complete  state  of  repair,  so  as  to  preserve  it  from 
being  broken  up  during  the  approaching  winter.* 

Nothing  is  more  important  to  be  attended  to,  in 
order  to  preserve  a  road  in  good  order,  than  the 
continual  scraping  of  it.  This  work  should  be 
done  after  every  heavy  fall  of  rain,  so  as  never  to 

*  M.  Berthault  Ducraux,  Ingenieur  des  Fonts  et  Chauss^es, 
lu  his  Treatise  ''  De  rEntretien  des  Routes,"  implies,  from  the 
expression  of  '*  all  ruts "  here  made  use  of,  that  the  principal 
roads  of  England  are  cut  into  ruts.  As  the  rule  here  recom- 
mended to  be  followed  applies  to  all  roads,  and  as  there  are 
many,  but  not  of  any  general  use,  still  rutted,  the  expression  b 
a  correct  one,  although  none  of  the  principal  roads  have  ruts  on 
them.  The  statement  of  M.  Navier,  in  his  work  on  roads,  on 
this  point,  which  is  quoted  by  M.  Berthault  Ducraux,  b  quite 
correct 
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allow  the  mud  to  be  more  than  half  an  inch  thick. 
Throughout  the  winter  every  road,  where  the 
traffic  is  great,  should  be  scraped  once  at  least  a 
week.  By  doing  this  the  surface  becomes  dry 
in  the  intervals  between  showers ;  ruts  are  not 
formed,  and  the  workmen,  while  scraping,  discover 
the  parts  of  the  surface  which  require  materials  to 
be  laid  on  in  order  to  prevent  hollows  and  holes 
from  being  made. 

The  great  expense  necessary  to  be  incurred  in 
scraping,  when  the  materials  consist  of  gravel  or 
stones  of  inferior  quality,  points  out  the  expediency 
of  taking  pains  to  procure  tlie  hardest  stones.  In- 
stances are  not  wanting  of  roads  which  never  re- 
quire to  be  scraped,  but  they  occur  only  where 
materials  such  as  the  pebbles  of  Warwickshire  and 
Staffordshire  and  other  similar  hard  substances  are 
used,  and  where  the  road  has  a  perfect  exposure 
to  the  sun  and  wind.* 

The  road-men  should  scrape  from  the  centre  to 
the  sides ;  the  mud  should  not  be  scraped  into  or 
allowed  to  remain  in  the  channels,  as  is  too  fre- 
quently the  case,  but  should  be  put  into  small 
heaps,  about  one  foot  from  the  side  channels,  so  as 
not  to  stop  the  running  of  water  in  them. 

These  heaps  should  always  be  removed  the 
moment  the  mud  is  sufficiently  dry  to  admit  of  its 
being  put  into  carts  or  barrows. 

The  scrapings  should  never  be  laid  in  heaps  on 
the  wastes   or  footpatlis,   but  should  be  spread 

*  For  a  description  of  a  new  scraping  machine,  see  p.  259. 
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evenly  over  the  hollow  parts  of  the  wastes,  till  they 
are  brought  to  a  regular  surface,  and  afterwards 
they  should  be  carted  at  once  off  the  road  to  some 
convenient  place  till  they  can  be  otherwise  disposed 
of.  To  do  this  effectually,  when  the  materials  are 
weak,  large  dep6ts  should  be  provided  on  the  sides 
of  the  roads,  about  four  times  the  size  of  the  dep6ts 
which  have  been  proposed  for  holding  materials. 

Constant  attention  on  the  part  of  a  road  surveyor 
is  necessary  to  keeping  hedges  clipped,  and  the 
branches  of  trees  in  the  fences  lopped.  The  hedges 
should  be  cut  so  as  to  be  as  low  as  they  can  be 
kept  without  making  the  fence  unfit  for  confining 
cattle  within  them.  The  value  of  a  full  exposure 
to  the  sun  and  wind  in  contributing  to  the  preser- 
vation of  roads  is  shown  by  the  superior  condition 
at  all  times  of  roads  crossing  uninclosed  land. 

The  trustees  of  a  turnpike  road  should  require 
their  surveyor  to  lay  before  them,  at  the  commence- 
ment of  every  year,  an  estimate  of  the  work  he 
proposes  to  execute  in  the  ensuing  year.  In  this 
estimate  every  particular  should  be  specified; 
namely,  the  quantity  of  materials  to  be  provided, 
the  prices  to  be  paid  for  them,  the  labour  to  be 
employed,  &c.,  &c.  The  surveyor  should  be 
required  to  make  up  an  account  at  the  end  of 
every  month  of  the  money  received  and  paid  by 
him ;  and  he  should  also  make  up  an  annual 
account  showing  the  particulars  of  the  year's  ex- 
penditure, the  quantity  of  materials  bought  and 
carried  to  the  road,  the  sums  paid  for  day  labour, 
for  task  work,  and  for  cartage,  &c. 
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In  some  cases  the  practice  of  employing  a  pay- 
clerk  has  been  introduced  to  pay  for  all  the  road 
expenses,  in  order  to  relieve  the  surveyor  from  all 
trouble  about  pecuniary  matters,  and  at  the  same 
time  to  remove  as  much  as  possible  all  temptation 
to  swerve  from  his  duty.  This  practice  has  been 
attended  with  the  best  effects,  and  cannot  be  too 
strongly  recommended. 
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CHAPTER  XI. 

ROAD    INSTRUMENTS    AND    TOOLS. 

The  principal  instruments  employed  in  surveying 
and  laying  out  roads  are  theodolites,  spirit  levels, 
and  sextants. 

Theodolites. 

■• 

Theodolites  in  careful  and  experienced  hands 
are  the  best  instruments  for  lajdng  out  a  road,  and 
for  taking  horizontal  angles  and  intersections.  The 
rates  of  inclination  can  be  determined  at  once  by 
means  of  the  vertical  arch,  without  any  measure- 
ment by  the  chain  being  required:  they  are 
decidedly  the  best  instruments. . 

Theodolites  are  made  of  various  sizes  and  prices ; 
but  those  that  are  five  inches  in  diameter,  and  cost 
about  17/.,  are  the  most  suitable  for  road  purposes. 

These  instruments  are  divided  on  the  limb  into 
spaces  of  thirty  minutes,  and  by  means  of  a  vernier, 
single  minutes  can  be  read  off  with  great  precision. 

They  are  furnished  with  a  good  telescope  and 
spirit  level,  besides  two  levels  on  the  limb  set  at 
right  angles  to  each  other,  and  a  magnetic  needle 
or  compass  in  the  centre,  which  is  of  use  in  getting 
the  magnetic  bearing  of  any  line  in  the  survey,  or 
of  taking  the  bearings  independent  of  the  divisions 
on  the  limb. 
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The  theodolite  is  used  in  the  following  manner 
in  surveying  a  road :  — 

When  the  line  of  direction  is  fixed  upon,  the 
theodolite  is  set  up  over  the  first  point  in  the  sur- 
vey;  it  is  then  adjusted  by  means  of  the  spirit 
levels,  so  as  to  be  perfectly  level.  The  eye  piece 
of  the  telescope  is  moved  in  or  out  until  the  hairs 
are  seen  distinctly ;  and  the  object  glass  is  adjusted 
to  distinct  vision,  according  to  the  distance  of  the 
levelling  staff  from  the  instrument.  Zero  on  the 
limb  is  then  brought  to  coincide  with  zero  on  the 
vernier  plate,  and  the  limb  and  plate  are  then 
clamped  together.  After  this  is  done,  the  whole 
head  is  turned  round  until  the  north  point  on  the 
compass  box  coincides  with  the  north  point  of  tlie 
needle.  The  limb  is  then  screwed  fast,  and  the 
vernier  plate  undamped  and  turned  round  until 
the  staff  is  seen  through  the  telescope :  the  vernier 
plate  is  then  clamped,  and  the  observation  com- 
pleted  by  turning  the  tangent  screws  of  the  limb 
and  of  the  vertical  arch,  until  the  centre  of  the  vane 
exactly  corresponds  with  tlie  centre  of  the  cross 
hairs  in  the  telescope.  The  degree  and  minute  on 
the  limb  and  vertical  arches  are  then  read  off  and 
entered  in  the  field  book. 

The  distance  from  the  instrument  to  the  staff  is 
then  measured  by  the  chain,  and  all  offsets  are  at 
the  same  time  measured  and  entered  in  the  book. 
The  length  of  the  distance  line  is  then  carefully 
entered,  and  the  theodolite  removed  and  again  set 
up  directly  over  the  point  previously  occupied  by 
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the  levelling  staff:  this  may  be  done  by  means  of 
the  plumb  line  usually  attached  to  the  instrument. 
The  next  operation  is  to  adjust  the  instrument 
perfectly  level,  and  to  send  the  staff  back  to  the 
point  originally  occupied  by  the  theodolite.  The 
vane  having  been  previously  adjusted  to  the  exact 
height  of  the  centre  df  the  telescope,  the  head  of 
the  instrument  is  then  turned  round  until  the  staff 
is  seen  in  the  field  of  view  of  the  telescope :  the 
head  is  then  clamped,  and  the  bisection  made  by 
means  of  the  tangent  screw ;  the  vernier  plate  still 
remaining  steadily  clamped  to  the  limb.  The  ver- 
tical arch  is  then  examined,  to  see  if  the  degree 
and  minute  correspond  with  those  previously  ob- 
served :  if  not,  the  first  observation  must  be 
repeated.  The  vernier  plate  is  then  undamped, 
and  the  telescope  turned  round  towards  the  next 
hne  of  direction  until  the  staff  appears  in  the  field 
of  view ;  when  this  is  effected,  the  vernier  plate  is 
clamped,  and  the  observation  completed  as  before. 
In  this  way  the  survey  is  carried  on ;  and  the  per- 
pendiculars and  rates  of  inclination  are  afterwards 
calculated,  and  the  plan  and  section  laid  down  in 
the  usual  way. 

Spirit  Levek. 

Troughton's  levels,  which  are  considered  the 
best,  are  usually  made  with  very  powerful  tele- 
scopes  and  delicate  ground  spirit  levels.  These 
instruments  are  usually  fourteen  inches  long,  but 
some  are  eighteen  and  others  twenty  inches  long. 
They  cost  from  12/.  to  18/.,  and  are  so  well  balanced 
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and  secured  that  they  will  not  require,  with  proper 
care,  for  a  long  time,  any  adjustment 

The  method  of  using  these  instruments  is  as 
follows :' — 

4 

When  the  direction  of  the  road  has  been  marked 
out,  a  line  is  measured  by  a  chain  commencing  at 
the  beginning  of  the  new  line,  and  terminating  at 
that  point  where  the  inclination  of  the  surfiice  of 
the  ground  changes,  or  where  the  line  of  direction 
changes.  This  distance  is  carefully  entered  in  the 
field  book.  The  spirit  level  is  set  up  as  nearly  as 
possible  in  the  middle  of  this  line,  and  a  levelling 
staff  with  a  vane  is  held  by  assistants  at  each 
extremity  of  the  line :  the  telescope  is  then  ad- 
justed for  distinct  vision,  and  its  axis  brought  to  be 
truly  vertical,  by  means  of  the  spirit  level  and 
parallel  plates.  The  telescope  is  then  directed  to 
the  staff,  which  is  placed  at  the  commencement  of 
the  line,  and  the  assistant  is  directed  to  lower  or 
raise  the  vane  until  it  is  bisected  by  the  cross  hairs 
in  the  telescope :  the  height  marked  by  the  vane 
on  the  staff  is  then  set  down  in  the  field  book  in 
the  column  headed  (back  observation).  The  tele- 
scope  is  then  turned  round  until  the  staff  at  the 
termination  of  the  line  is  perceived  in  the  field  of 
view ;  the  necessary  signals  are  then  given  to  lower 
or  raise  the  vane  on  the  staff  until  its  centre  coin- 
cides with  die  cross  hairs  in  the  telescope:  the 
height  of  the  vane  on  the  staff  is  then  entered  in 
the  field  book  in  the  column  marked  for  obser- 
vation, and  the  magnetic  bearing  of  the  line  is  also 
observed  and  set  down  in  another  column.     Some- 

8 


ROAD    INSTRUMENTS   AND    TOOLS.  257 

times  only  one  staff  is  used,  in  which  case  it  is 
removed  from  the  first  to  the  second  station  after 
the  observation  is  made.  When  very  great  accu- 
racy is  required,  the  level  is  set  up  by  measure- 
ment exactly  in  the  centre  between  the  two  staffs, 
for  by  this  means  the  errors  of  adjustment  and  any 
slight  deficiency  in  the  instrument  are  compensated 
and  mutually  destroy  each  other. 

Sextants. 

The  small  pocket  sextant  is  a  most  useful  instru- 
ment in  making  road  surveys ;  after  a  little  practice, 
it  can  be  used  with  great  facility,  and  will  be  found 
a  superior  instrument  to  the  common  surveying 
needle,  and  much  more  accurate,  besides  affording 
the  most  expeditious  method  of  making  surveys  of 
any  yet  known. 

ROAD  TOOLS. 

Spades. 

In  some  parts  of  the  clay  districts,  a  narrow 
spade,  considerably  curved  in  the  blade,  technically 
called  a  grafting  tool  (Plate  VII.  fig.  10.),  is  much 
used,  particularly  in  cutting  deep  drains  in  stiff 
clay. 

Shovels. 

The  best  description  of  shovel  for  road  work  is 
pointed  in  the  blade,  and  has  a  curved  handle  to 
allow  the  workmen  to  bring  the  blade  flat  to  the 
ground  without  stooping.  (See  Plate  VII.  fig.  13.) 
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Trucks. 

When  metal  rails  can  be  laid  down,  the  truck  or 
small  waggon  is  the  best  description  of  carriage  for 
removing  earth.  A  drawing  of  one  of  these  is  given 
in  Plate  VII.  figs,  11  and  12  :  they  usually  hold  a 
cubic  yard  of  earth.  The  body  is  generally  made 
of  elm,  the  frame,  of  oak,  and  the  wheels  and  axles 
of  iron. 

Hammers, 

Two  descriptions  of  hammers,  which  are  the 
most  useful  in  road  works,  are  represented  in 
Plate  VII.  figs.  15  and  16.  The  handles  should 
be  flexible  and  made  of  straight  grained  ash,  par- 
ticularly those  used  for  breaking  pebbles :  the  small 
hammers  should  have  a  chisel  face,  and  the  larger 
ones  a  convex  one,  about  five-eights  of  an  inch  in 
diameter.  Those  made  of  cast  steel  are  the  best ; 
and  though  expensive  in  the  first  cost,  they  wear 
much  better  than  wrought-iron  ones,  and  very 
seldom  break  at  the  eye. 

Pronged  Shovels. 

Pronged  shovels  are  useful  for  filling  stones, 
when  broken,  into  carts  or  barrows :  a  drawing  of 
one  is  given  in  Plate  VII.  fig.  7*  A  man  is  en- 
abled to  lift  stones  with  much  greater  ease  and 
more  expeditiously  with  one  of  these  shovels  than 
with  a  common  one ;  besides,  he  lifts  them  without 
taking  up  any  earth  with  them. 
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Scrapers, 

Scrapers  are  sometimes  made  of  wood  shod  with 
iron,  but  those  made  of  plate  iron  are  preferable : 
they  should  be  six  inches  deep,  and  from  fourteen 
to  eighteen  inches  long  in  the  blade,  according  to 
the  materials  of  which  the  road  is  composed ;  the 
softer  and  more  fluid  the  mud,  the  longer  the 
scrapers  should  be  ;  they  should  be  turned  a  little 
round  at  the  ends,  to  prevent  the  mud  from  escaping. 
The  best  scrapers  are  made  of  old  saw  plates, 
stiffened  on  the  back  by  a  rib  of  wrought  iron,  or 
by  riveting  the  plate  to  a  board  of  elm,  cut  to  the 
proper  width  and  length,  and  about  half  an  inch 
thick. 

Patent  Road  Scraper, 

The  following  is  a  description  of  a  patent  road 
scraper : — 

"  This  machine  consists  of  a  series  or  row  of 
scrapers  placed  in  a  frame,  and  mounted  on  wheels ; 
it  is  worked  crosswise  on  the  road,  and  deposits 
the  dirt  or  dust  on  the  side. 

"  The  machine  is  easily  used  by  one  man,  and 
cleans  above  a  mile  of  road  per  day,  or  about  five 
times  as  much  as  can  be  done  with  the  common 
scraper,  and  the  work  is  better  performed. 

"  The  advantages  from  the  use  of  this  implement 
may  be  stated  shortly  as  follows,  and  will  be 
readily  appreciated  by  surveyors  :  — 

"  1st.  Improvement  of  the  surface  of  the  roads, 
which  cannot  be  kept  hard  and  firm  unless  the 
road  be  frequently  scraped. 
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"  2d.  The  facility  afforded  to  fast  travelling,  by 
removing  a  great  obstruction  to  the  progress  of 
carriages. 

"  3d.  The  preservation  of  the  roads,  by  removing 
the  dirt,  which  absorbs  and  retains  water  on  the 
surface. 

"  4th.  Assistance  rendered  to  the  surveyor,  by 
enabling  him  to  take  advantage  of  favourable 
periods  of  weather  for  cleaning  his  roads. 

"  5th.  The  saving  of  money,  which  will  be  applied 
in  strengthening  or  otherwise  improving  the  roads. 

**  Wherever  it  has  been  tried,  the  machine  has 
given  great  satisfaction,  and  the  patentees  are 
willing  to  send  machines  on  trial.'*  * 

*  Messrs.  Bourne  and  Harris,  of  Ilchester,  Somersetshire,  are 
the  patentees  of  this  machine. 

The  following  letter  respecting  it  is  from  the  engineer  of  the 
Holyhead  Road :  — 

"  Sir,  Holyhead,  3d  March  1837. 

''  On  receipt  of  your  letter  this  morning,  I  spoke  to  the  fore- 
man, and  also  to  the  labourer  who  attends  to  the  road  round 
this  harbour,  as  to  the  comparative  merits  of  the  old  and  new 
scrapers :  both  of  them  gave  the  preference  to  the  latter,  as 
doing  its  work  quicker  and  better  than  the  former. 

«  When  last  I  was  at  Corwen,  Hugh  Roberts  the  inspector 

told  me  that  two  of  his  men  had  had  a  dispute  as  to  which  of  the 

scrapers  was  the  best ;  they  set  to  work,  one  with  the  conunon, 

the  other  with  the  patent  scraper,  and  the  result  was,  that  the 

patent  scraper  took  the  dirt  off  cleaner  than  the  other,  as  was 

proved  by  that  part  of  the  road  on  which  it  had  been  used 

remaining  for  a  longer  time  without  requiring  to  be  scraped 

again  than  that  part  on  which  the  common  scraper  had  been 

employed. 

«*  I  am.  Sir, 

^  Your  most  obedient  servant, 

•*  John  Provis." 
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Hedging  Knives. 

These  instruments  have  been  long  used  in  Scot- 
land, where  they  are  called  plashing  tools :  they 
are  made  of  different  sizes;  that  represented  in 
Plate  VII.  fig.  14.  is  the  most  useful.  When  a 
labourer  is  a  little  practised  in  the  use  of  them,  he 
can  trim  a  hedge  as  well  as  a  gardener  with  a  pair 
of  shears,  and  much  more  expeditiously.  They 
should  be  made  suflSciently  light  to  enable  a  man 
to  use  them  with  one  hand,  and  care  should  be 
taken  by  the  maker  that  they  are  properly  balanced 
on  the  handle,  otherwise  a  workman  will  not  be 
able  to  wield  them  with  proper  effect.  The  great 
error  in  making  these  instruments  in  England  is 
that  of  making  them  too  heavy,  and  curving  the 
blade  too  much. 

Working  Levels. 

Working  levels  are  absolutely  necessary  in  laying 
out  new  works,  and  in  repairing  old  roads.  These 
instruments  are  easily  used  by  common  workmen. 
One  of  the  best  kind  of  these  levels  is  represented 
in  Plate  VII.  fig.  8.,  in  which  ABC  represents  the 
level,  upon  the  horizontal  bar  of  which  are  placed 
four  gauges,  a,  b,  c,  rf,  made  to  move  perpendicu- 
larly to  the  line  A  C,  in  dove-tailed  grooves  cut  in 
the  horizontal  bar.  When  any  of  these  are  adjusted 
to  project  a  proper  depth  below  the  line  A  C,  it 
may  be  fixed  by  a  thumb  screw,  which  will  retain 
the  gauge  in  the  desired  position. 

Fig.  9-  shows  a  section  of  the  horizontal  bar 
drawn  to  a  larger  scale,  as  marked  upon  the  edge 
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of  the  gauge.  This  section  is  taken  through  the 
line  e^of  fig.  8.  In  this  figure  the  position  of  the 
square  iron  bolt,  or  screw  pin,  is  more  plainly  seen, 
and  also  the  washer  placed  under  the  thumb  screw. 
Three  of  these  bolts  pass  through  the  horizontal 
bar,  fig.  8.,  exactly  three  inches  above  the  line  A  C ; 
the  other,  seen  at  rf,  is  only  two  inches  above  the 
same  line. 

Levels  for  laying  out  slopes  are  best  made  of  a 
bar  of  wood,  three  inches  deep,  one  inch  thick,  and 
six  feet  long :  on  the  centre  near  the  middle  of  the 
rod,  a  triangular  piece  of  wood  of  the  same  thick- 
ness is  nailed ;  the  sides  of  this  triangular  piece  are 
so  formed,  that  when  the  rod  is  placed  upon  a  slope 
of  one  to  two  or  one  to  three,  a  small  pocket  level 
placed  on  one  side  of  the  triangle  will  be  horizontal, 
and  the  bubble  will  remain  in  the  centre. 

Rinff  Gauges. 

Ring  gauges  for  ascertaining  the  size  of  the 
broken  stones  are  extremely  useful.  A  ring  of 
this  description  is  represented  in  Plate  VII.  fig.  I7. 
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ROAD    LEGISLATION. 


Turnpike  System, 

According  as  the  trade  and  wealth  of  England 
increased,  the  roads  became  wholly  unfit  for  the 
traffic  on  them,  and  this  led  to  the  introduction  of 
turnpike  tolls  and  boards  of  trustees  for  collecting 
the  tolls  and  superintending  the  roads. 

The  legislature  proceeded  on  a  principle  that 
was  a  perfectly  just  one,  and,  at  the  same  time,  in 
regard  to  its  efficacy  as  a  means  to  an  end,  one  in 
every  way  judicious  and  right.  For  nothing  can 
be  more  just  than  to  make  those  who  use  the  roads 
find  the  money  for  maintaining  them,  and  no  plan 
for  obtaining  such  a  large  amount  of  money  as  is 
necessary  for  maintaining  them  in  good  condition 
could  have  been  adopted  more  effective  for  that 
object.  If  rates  on  land  had  been  resorted  to,  the 
measure  would  inevitably  have  failed,  because  the 
landowners  would,  beyond  all  doubt,  have  pre- 
ferred bad  roads  and  low  rates  to  good  ones  and 
high  rates :  in  point  of  fact,  vlery  indifferent  roads 
would  have  answered  all  their  local  purposes.  If 
the  roads  had  been  vested  in  the  hands  of  govern- 
ment, it  may  safely  be  said,  that  this  plan  would 
also  have  failed,  for  government  would  never  have 
been  able  to  obtain  the  consent  of  Parliament  to 
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vote  upwards  of  a  million  and  a  half  a  year  for 
those  roads  only  which  now  are  turnpike  roads. 
It  is  therefore  to  the  turnpike  system  of  manage- 
ment that  England  is  indebted  for  her  superiority 
over  other  countries  with  respect  to  roads. 

The  legislature,  by  providing  for  the  levying  of 
tolls,  and  giving  powers  to  persons  willing  to  come 
forward  as  subscribers,  commissioners,  or  trustees, 
and  act  together  for  the  purpose  of  making  new  or 
improving  old  roads,  adopted  the  wisest  principle 
for  securing  an  abundance  of  them. 

Had  the  legislature  depended  on  the  public 
treasury  or  on  rates  on  property  for  funds,  or  had 
it  refused  to  incorporate  those  persons  who  have 
executed  the  duties  of  turnpike  trusts,  and  given 
the  management  of  the  roads  to  the  government,  or 
left  them  wholly  with  the  parishes,  this  country 
could  never  have  reached  the  degree  of  wealth  and 
prosperity  to  which  it  has  arrived,  for  want  of  pro- 
per means  of  inland  communication. 

It  must  be  clear  to  every  one  who  has  carefully 
examined  this  subject,  that  nothing  but  leaving  the 
management  of  the  roads  to  those  persons  who  live 
in  their  neighbourhood  would  ever  have  induced 
the  people  of  England  to  pay,  as  they  now  do,  a 
revenue,  arising  from  turnpike  tolls,  to  the  amount 
of  1,400,000/.  a  year;  for,  although  tolls  are  in  every 
respect  fair  and  proper  for  the  purpose  to  which  they 
are  applied,  and  although  government,  by  employ- 
ing scientific  engineers,  might  have  expended  tlie 
produce  with  greater  skill  than  country  gentlemen, 
the  hostility  to  pay  them,  had  they  been  wholly  at 
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the  disposal  of  government,  would  no  doubt  have 
prevented  their  being  generally  introduced,  and 
the  making  of  useful  roads  over  the  whole  country 
so  universally  as  they  have  been  made  under  the 
established  system. 

It  should  be  remembered,  that  turnpike  roads 
owe  their  origin,  in  many  instances,  to  private  sub- 
scriptions of  considerable  amount ;  and,  in  every 
such  case,  the  main  inducement  to  subscribe  must 
have  been  that  of  entrusting  to  the  subscribers  the 
management  of  the  funds,  and  giving  them  cor- 
porate powers. 

The  same  principle  of  association  has  led  to  the 
construction  of  the  canals,  the  docks,  the  great 
bridges,  and  all  the  most  useful  public  works  of 
the  country ;  and  it  is  not  conceivable  how  such 
large  funds  as  have  been  subscribed  for  making 
new  lines,  or  for  placing  parish  roads  under  turn- 
pike trusts,  could  have  been  obtained  as  have  been 
obtained,  had  not  the  legislature  acted  on  tliis 
principle. 

The  following  statement  has  been  taken  from 
"  An  abstract  of  the  income  and  expenditure  of 
the  trusts  of  England  and  Wales,  from  1st  January 
1835  to  31st  December  1835,  pursuant'  to  the  act 
3  &  4  Will.  IV.  cap.  80."  [Par.  papers,  session  1837, 
No.  328.] 

£ 

"  Revenue  received  from  tolls  -  1,469,317 

Money  borrowed  on  security  of  tolls     165,474 

Manual  labour      ...        -     397,665 

Team  labour  ...      134,861 
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£ 

Materials  for  surface  repairs  -     215,835 

Interest  of  debt         -  -  -     301,508 

Improvements        -        -  -     211,808 

Debt  paid  off        ....      132,983 
Bonded  mortgage  debt        -  7>  1 1 6,702 

Number  of  trusts,  1,111/' 

It  would  appear  from  this  statement,  that  the 
management  of  the  finances  of  the  trusts  was  im- 
proving. Against  the  sum  borrowed  in  1835,  of 
165,474/.,  is  be  set  the  sum  expended  in  improve- 
ments, of  211,808/.,  and  the  sum  paid  in  reducing 
debt,  of  132,983/.,  leaving  a  surplus  of  179,317/., 
arising  from  care  and  economy.  The  great  change 
for  the  better,  within  a  few  years,  that  has  taken 
place  in  the  manner  in  which  trustees  attend  to 
their  duties,  has  introduced  an  improved  system  of 
management,  which  will,  no  doubt,  lead  to  the 
gradual  reduction  of  the  debt.  In  those  cases 
where  neither  principal  nor  interest  can  be  paid, 
there  does  not  appear  to  be  any  just  claim  on  the 
public  at  large,  upon  the  part  of  the  suffering  cre- 
ditors. Many  of  them  have  received  compensation 
for  their  money  by  the  improvement  of  their  estates, 
and  the  others  stand  in  the  same  position  as  all 
creditors  do  who  lend  money  on  speculation. 

But  although  it  is  unquestionably  true,  that  it  is 
to  the  turnpike  system  that  the  abundance  of  use- 
ful roads  is  owing,  it  must  at  the  same  time  be 
observed,  that  great  errors  have  been  committed 
in  carrying  the  system  into  operation.  For  how- 
ever numerous  and  however  useful  the  roads  may 
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be,  they  are,  as  has  been  already  stated  more  than 
once,  extremely  imperfect,  in  comparison  with 
what  they  ought  to  be. 

In  respect  to  the  lines  erf  direction,  it  has  been 
observed  that  they  are  every  where  extremely 
faulty.  They  have  comtnonly  been  carried  over 
all  the  hills  between  the  points  of  communication, 
whereas  they  might  have  been  kept  on  compa- 
ratively level  ground  along  the  valleys  of  the 
country. 

While  the  most  magnificent  improvements  have 
been  going  forward  in  all  other  kinds  of  public 
works,  displaying  the  greatest  efforts  of  human 
skill,  and  a  rapid  advancement  in  the  science  of 
civil  engineering,  scarcely  any  road  can  be  pointed 
out,  except  a  few  which  have  been  put  under  the 
management  of  civil  engineers,  that  is  not  defective 
in  the  most  essential  particulars. 

Who  is  to  blame  for  this  ?  Not  the  government, 
because  the  business  has  not  been  in  its  hands. 
The  leading  men  of  the  commercial  and  manufac- 
turing classes,  who  have  been  chiefly  concerned  in 
forming  companies  for  making  canals,  docks,  bridges, 
and  other  splendid  improvements,  are  not  to  blame, 
for  they  have  been  too  generally  excluded  from  the 
business  of  road  management.  Nor  are  the  civil 
engineers  of  Great  Britain  to  blame,  because  they 
have  seldom  been  consulted :  on  the  contrary,  this 
profession  has  been  too  commonly  deemed,  by 
turnpike  trustees,  as  something  rather  to  be  avoided, 
than  as  useful  and  necessary  to  be  called  to  their 
assistance. 
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The  country  gentlemen  of  England,  in  point  of 
fact,  are  alone  responsible  for  the  defective  state  of 
the  roads,  because  the  business  of  managing  them 
has  been  vested  by  the  legislature  exclusively  in 
their  hands. 

Dr.  Adam  Smith  bears  testimony  to  the  bad 
management  of  road  trustees  in  his  time.  He 
says :  "  The  money  levied  is  more  than  double  of 
what  is  necessary  for  executing,  in  the  completest 
manner,  the  work,  which  is  often  executed  in  a 
very  slovenly  manner,  and  sometimes  not  executed 
at  all."  This  remark,  in  too  many  cases,  is  just  as 
applicable  now  as  it  was  when  first  made,  sixty 
years  ago. 

In  those  instances  where  a  turnpike  road  is  used 
merely  for  local  purposes,  however  defective  it  may 
be,  those  persons  only  are  put  to  inconvenience 
who  live  near  it ;  but,  where  a  turnpike  road  forms 
the  communication  between  populous  cities  or 
towns  at  a  considerable  distance  from  each  other, 
then  the  misconduct  of  trustees,  whether  arising 
from  negligence,  ignorance,  or  corruption,  is  of 
serious  importance,  and  calls  loudly  for  correction 
and  control. 

We  shall  now  proceed  to  state  what  appear  to  be 
the  principal  errors  in  legislation  which  have  been 
committed  in  giving  effect  to  the  turnpike  system. 

According  to  the  provisions  of  every  turnpike 
act,  a  great  number  of  persons  are  named  as 
trustees:  the  practice  is  to  make  almost  every 
opulent  farmer  or  tradesman  a  trustee,  residing  in 
the  vicinity  of  a  road,  as  well  as  all  the  nobility  and 
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persons  of  large  landed  property ;  so  that  a  trust 
seldom  consists  of  fewer  than  100  persons,  even  if 
the  length  of  the  road  to  be  maintained  by  them 
does  not  exceed  a  few  miles.  The  result  of  this 
practice  is,  that  in  every  set  of  trustees  there  are  to 
be  found  many  persons  who  do  not  possess  a  single 
qualification  for  the  office ;  persons  who  conceive 
they  are  raised  by  the  title  of  a  road  trustee  to  a 
station  of  some  importance,  and  who  too  often 
seek  to  show  it,  by  opposing  their  superiors  in 
ability  and  integrity,  when  valuable  improvements 
are  under  consideration;  taking  care,  too  fre- 
quently, to  turn  their  authority  to  account,  by  so 
directing  the  expenditure  as  may  best  promote  the 
interests  of  themselves  or  their  connections. 

It  sometimes  happens  that  if  one  trustee,  more 
intelligent  and  more  public  spirited  than  the  rest, 
attempts  to  take  a  lead,  and  proposes  a  measure  in 
every  way  right  and  proper  to  be  adopted,  his 
ability  to  giVe  advice  is  questioned,  his  presumption 
condemned,  his  motives  suspected ;  and  as  every 
such  measure  will  almost  always  have  the  effect  of 
defeating  some  private  object,  it  is  commonly  met 
either  by  direct  rejection,  or  some  indirect  con- 
trivance for  getting  rid  of  it.  In  this  way  intelli- 
gent  and  public  spirited  trustees  become  disgusted, 
and  cease  to  attend  meetings;  for,  besides  fre- 
quently experiencing  opposition  and  defeat  at  the 
hands  of  the  least  worthy  of  their  associates,  they 
are  annoyed  by  the  noise  and  language  with  which 
the  discussions  are  carried  on,  and  feel  themselves 
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placed  in  a  situation  in  which  they  are  exposed  to 
insult  and  ill  usage. 

Numerous  cases  could  be  quoted  to  prove  the 
accuracy  of  what  is  here  stated ;  but  it  is  unneces- 
sary  to  do  so,  because  every  one  acquainted  with 
the  subject  who  reads  these  remarks  will  readily 
allow  their  general  correctness,  and  be  prepared  to 
admit  that  the  sketch  might  easily  have  been  still 
more  highly  coloured. 

There  is  one  effect  of  having  these  large  bodies 
of  managers,  which  is  particularly  deserving  of 
notice,  and  that  is,  the  necessary  want  of  uniformity 
and  system  in  their  measures.  It  often  happens 
that,  when  some  important  business  is  to  be  per* 
formed,  one  set  of  ten  or  twenty  trustees,  aft:er 
devoting  a  great  deal  of  their  time  in  attending 
meetings,  finally  decide  upon  some  useful  measure, 
when  another  set  of  trustees  summon  a  meeting, 
and  rescind  all  their  fellow  trustees  have  done. 
This  is  a  course  of  proceeding  which  is,  of  itself, 
sufficient  to  establish,  beyond  all  dispute,  the  abso- 
lute necessity  of  some  considerable  change  in  the 
existing  system. 

Notwithstanding  that  the  state  of  the  turnpike 
roads  was  inquired  into  by  select  committees  of  the 
House  of  Commons  in  the  sessions  of  1819,  1820, 
and  1823,  and  that  in  consequence  of  their  reports 
a  new  general  turnpike  act  was  passed  in  1823, 
the  evil  of  the  mal-administration  of  the  powers  of 
trustees  has  not  been  cured  by  the  153  clauses  con« 
tained  in  this  act     The  evil,  in  point  of  facty  having 
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its  source  in  the   principle  on  whicii   the  body 
governing  road  business  is   formed,  is  not  of  a 
nature  to  be  cured  by  a  multitude  of  regulations ; 
and  the  framers  of  the  law  committed  a  great  error 
in  overlooking  this  point     It  is  the  principle  of 
having  such  a  number  of  trustees,  all  possessing  the  ' 
same  powers,  that  throws  every  thing  belonging 
to  road  operations  into  confusion,  and  produces 
the  waste  of  the  road  funds.     A  law,  therefore,  to 
do  any  good,  should  provide  that  the  number  of 
trustees   shall    be    limited  within   some    rational 
bounds,  or  that  the  executive  duties  should  be 
vested  in  a  small  body  of  them. 

The  committee  of  the  House  of  Commons  ap- 
pointed in  1823  to  inquire  into  the  state  of  the 
turnpike  roads  say,  in  their  report, — "  Your  Com- 
mittee would  therefore  strongly  recommend  to  the 
House  the  consideration  of  the  subject  of  making 
and  managing  the  roads  of  the  kingdom  in  the 
course  of  the  ensuing  session  of  parliament ;  feeling 
convinced,  that  whatever  plausible  appearance  the 
plan  may  assume  of  appointing  a  large  number  of 
noblemen,  gentlemen,  farmers,  and  tradesmen,  com- 
missioners of  the  roads,  that  the  practice  has  every 
where  been  found  to  be  at  variance  with  the  sup- 
posed  efficiency  of  so  large  a  number  of  irrespon* 
sible  managers;  and  that  the  inevitable  conse- 
quences of  a  continuance  of  this  defective  system 
will  be  to  involve  the  different  trusts  deeper  in 
debt,  and  leave  the  roads  without  funds  to  preserve 
them  in  proper  order.*' —  {Report^  p.  9.) 

But  besides  diminishing  the  number  of  trustees. 
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other  steps  should  be  taken  in  order  to  secure  a 
uniform  and  efficient  system  of  management  of  the 
executive  business  of  maintaining  a  road. 

The  first  measure  that  should  be  taken  is  to  alter 
the  present  plan  of  having  road  business  transacted 
at  boards  of  trustees  at  which  every  trustee  has  a 
right  to  attend  and  vote.  Experience  proves  that 
no  contrivance  can  be  worse  for  managing  business 
than  a  board  consisting  of  numerous  commissioners 
or  trustees  possessing  equal  powers.  This  subject 
has  been  recently  examined  into  by  the  commis- 
sioners of  excise  inquiry,  and  as  what  they  say 
upon  it,  in  their  twentieth  report,  is  in  every  respect 
applicable  to  turnpike  trusts,  the  following  extract 
has  been  taken  from  that  report : — 

"  In  submitting  this  topic  for  consideration,  we 
should  add,  that  the  throwing  aside  of  control  is 
not  the  only  inconvenience  that  arises  from  placing 
the  administration  of  public  business  under  a  board ; 
and  that  after  having  directed  much  attention  to  an 
examination  of  the  question,  as  to  the  most  eligible 
mode  of  conducting  those  portions  of  the  public 
business  which  are  at  present  intrusted  to  the 
management  of  boards,  we  have  come  to  the  con- 
clusion that  there  are  defects  inherent  in  the  nature 
of  boards,  constituted  like  those  of  the  principal 
revenue  departments,  which  prevent  the  affidrs 
intrusted  to  them,  and  more  especially  those  which 
relate  to  the  discipline  and  control  of  large  classes 
of  subordinate  officers,  from  being  conducted  with 
that  degree  of  dispatch  and  efficiency,  which  are 
exerted  when  the  governing  powers  are  in  fewer 
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hands,  and  exercised  under  a  less  divided  respon- 
sibility. In  speaking-  of  the  boards  thus  consti- 
tuted, as  consisting  of  numerous  commissioners 
exercising  equal  powers,  we  are  aware  that  the 
numbers  of  each  board  have  been  of  late  years 
much  reduced :  still,  however,  a  board  composed  of 
even  six  or  seven  members  must  be  considered  as 
a  numerous  body  for  the  dispatch  of  executive 
business ;  and  it  may  be  added,  that  although  the 
consequence  of  the  reduction  of  numbers  may 
have  been  the  exertion  of  an  increased  degree  of 
diligence  and  attention  on  the  part  of  the  individual 
members  of  whom  the  boards  now  consist,  still  that 
the  defects  in  the  general  system  of  managing  their 
business  continue  to  be  much  the  same  in  character, 
though  perhaps  less  in  degree,  whether  the  boards 
consist  of  twelve  members  or  of  six.  Amongst 
these  defects,  experience  has  shown  the  existence 
of  a  general  disposition  to  avoid  or  postpone  the 
discharge  of  those  branches  of  the  duty  of  a  govern- 
ing authority  which  require  the  exertion  of  indi- 
viduals; and  on  the  other  hand,  a  disposition  to 
make  continual  references  to  subordinate  officers 
to  obtain  knowledge  and  information.  The  con- 
sequence of  such  habits  are  continual  delays  and 
adjournments  of  business ;  waste  of  time  in  debates ; 
and,  instead  of  that  activity  and  energy,  (which 
should  be  the  characteristics  of  a  body  on  whose 
superintendence  depends  the  due  administration  of 
a  complicated  branch  of  laws  and  regulations  requi- 
ring constant  attention  and  variations  in  practice  to 
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adapt  them  to  the  objects  for  which  they  are  to  be 
enforced,)  it  has  been  found  to  be  a  prevailing 
custom  to  allow  business  to  run  its  course  accord- 
ing to  routines  of  ancient  regulation.  Changes 
and  reforms  of  any  large  and  therefore  useful  kind 
are  avoided ;  means,  that  have  been  provided  at  a 
great  expense  for  the  checking  of  the  violation  of 
the  laws  and  the  protection  of  the  revenue,  are  not 
brought  into  action.  The  powers  of  boards  almost 
always  fall  into  the  hands  of  some  clever  and  active 
subordinate  officer ;  while  the  silence  and  secrecy 
with  which  their  proceedings  are  carried  on  leave 
the  public  uninformed  of  them,  and  thus  allow 
abuses  to  grow  up  and  go  on  to  a  great  extent 
without  correction.  In  confirmation  of  what  is 
here  stated,  the  preceding  pages  of  this  report,  and 
the  evidence  annexed  to  it,  may  be  referred  to,  as 
showing  that,  in  the  case  of  the  board  of  excise, 
the  first  class  of  surveying-general-examiners  directs 
many  of  its  principal  proceedings :  the  under  secre- 
tary, from  his  long  experience  and  abilities,  has 
necessarily  a  preponderating  influence ;  the  routine 
of  business  is  carried  on  with  a  strict  adherence  to 
old  forms;  and  although  expensive  schemes  for 
suppressing  smuggling  have  been  adopted,  they 
have  not  always  produced  much  effect,  for  want  of 
activity  and  energy  in  enforcing  them.  Through- 
out the  department  there  is  much  room  for  more 
uniformity,  simplicity,  and  economy  both  in  time 
and  expense,  whilst  the  general  course  of  its  pro- 
ceedings does  not  s^pear  to  be  governed  by  any-- 
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thing  like  a  system  of  fixed  principles,  such  as  we 
might  expect  to  find  established  for  regulating  the 
administration  of  a  great  public  department 

**  There  is  another  great  defect  to  be  noticed  be^ 
longing  to  the  management  of  business  by  boards, 
and  that  is,  the  depriving  of  the  public  of  the  security 
of  personal  responsibility  for  the  proper  perform- 
ance  of  its  business.  In  the  case  of  managing  the 
excise  duties,  the  First  Lord  of  the  Treasury  and 
the  Chancellor  of  the  Exchequer  are  relieved  in  ap- 
pearance  from  responsibility  by  a  board  appointed 
with  full  powers  to  collect  them,  and  the  public 
adopt  what  exists  in  appearance  as  a  reality,  and 
do  not  consider  them  responsible. 

"  The  responsibility  of  the  board,  as  a  board,  is 
of  no  value  whatever ;  and,  as  to  the  conmiissioners 
individually,  no  one  of  them  is  responsible  for  the 
acts  of  the  board,  as  others  participate  with  him  in 
all  he  does,  and  as  much  may  be  done  in  which 
some  member  of  the  board  has  not  acted ;  so  that 
in  fact  the  appointing  of  a  board  of  several  com- 
missioners with  equal  powers,  as  the  head  of  a 
sub-department  for  revenue  purposes,  completely 
sets  aside  all  responsibility. 

"  Experience  of  managing  business  by  boards 
(a  system  which  in  this  country  is  so  common) 
affords  a  complete  illustration  of  the  correctness 
of  the  preceding  observations.  The  proceedings  of 
the  numerous  boards  of  commissioners  for  paving 
and  lighting,  and  of  sewers,  are  seldom  mentioned 
but  in  terms  of  complaint  and  condemnation*   The 
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conduct  of  vestries,  which  are  boards  of  a  more 
extended  kind,  produced  so  much  evil  while  they 
had  the  management  of  the  poor  that  it  led  to 
their  being  set  aside  by  the  new  Poor  Law ;  and 
such  has  been  the  general  bad  management  of 
commissioners  of  turnpike  roads,  that,  by  common 
consent,  parliament  is  called  upon  to  introduce 
some  great  change  in  the  system.  When  a  board 
is  composed  of  numerous  members,  many  of  them 
have  too  many  occupations,  and  many  are  too  in- 
dolent, or  of  too  much  dignity,  to  attend  to  the 
business  of  it;  and  thus  the  apparent  management 
by  the  whole  body  becomes  a  screen  for  the  mea- 
sures of  a  few,  into  whose  hands  the  management 
practically  falls.  Thus  it  may  happen,  that  for 
want  of  attendance,  want  of  intelligence,  want  of 
economy,  or  want  of  some  other  requisite  in  the 
quarter  to  which  the  actual  management  has  been 
left,  the  most  lavish  and  wasteful  expenditure  of 
funds  may  take  place,  and  the  interests  of  tlie  public 
sacrificed  in  this  and  a  number  of  other  ways. 

"  As  to  the  fitness  of  a  single  person  to  discharge 
the  duties  of  the  head  of  a  revenue  department,  so 
far  as  fitness  consists  of  intelligence,  activity,  and 
energy,  this  would  be  insured  in  a  higher  degree  in 
a  single  person  than  in  a  board.  The  exertion 
which  an  individual  would  be  called  upon  and  be 
able  to  make  would  secure  a  higher  degree  of 
intelligence,  while  the  admitted  superior  force 
of  individual  activity  and  energy  would  not  be 
weakened  by  waiting  for  the  opinions  of  others,  by 
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debating  with  and  gaining  over  others,  by  being 
driven  to  take  unnecessary  steps,  and  by  adjourn- 
ments of  business/'  * 

The  commissioners  have  made  out  their  case  so 
completely,  of  the  unfitness  of  boards  to  manage 
business,  that  it  is  unnecessary  to  say  anything 
more  on  the  subject.  All  that  is  known  of  the 
proceedings  of  turnpike  trusts  corroborates  the  ac- 
curacy and  soundness  of  the  reasoning  and  con- 
clusions of  the  commissioners. 

In  order  to  remedy  this  evil  of  board  manage- 
ment of  roads,  a  law  should  be  made  containing  the 
following  provisions :  — 

1.  That  every  trust  shall  elect,  by  ballot,  a 
chairman,  a  deputy  chairman,  and  three  more  to 
form  a  committee  of  trustees. 

2.  That  in  each  year  every  surveyor  of  a 
road  shall  lay  before  the  trustees  of  it  an  estimate, 
showing  the  work  to  be  done  in  the  ensuing  year, 
and  the  expense  to  be  incurred. 

3.  That  the  trustees  shall  immediately  pro- 
ceed to  examine  the  estimate,  and  to  declare  what 
works  shall  be  executed  in  the  ensuing  year,  and 
what  expense  shall  be  incurred  upon  them. 

4.  That  the  chairman  of  the  committee  shall 
have  the  sole  direction  of  the  execution  of  the 
works,  and  shall  be  empowered  to  give  orders  for 
paying  for  them. 

5.  That  the  chairman  shall  have  the  power  of 
appointing  and  dismissing  surveyors  and  laboiuers. 

♦  Twentieth  Report  of  the  Cammissioners  of  Excise  Inquiry, 
p.  128. 
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6.  That  the  chairman  shall  have  the  power  of 
letting  tolls ;  but  no  letting  to  be  final  without  its 
having  been  first  approved  of  by  a  board  of 
trustees. 

7.  The  chairman,  deputy  chairman,  and  com- 
mittee to  remain  in  office  for  three  years.  In  case 
of  vacancies  the  trustees  to  meet  and  fill  them  up. 

8.  The  deputy  chairman  to  act  for  the  chairman 
in  case  of  sickness,  or  absence  from  other  causes. 

9.  The  committee  to  assemble  whenever  they 
are  summoned  by  the  chairman,  to  deliberate 
and  give  their  advice  upon  whatever  subjects  he 
brings  before  them. 

10.  A  salary  to  be  paid  to  the  chairman. 

11.  The  chairman  annually  to  lay  a  report  of 
his  proceedings  before  the  trustees. 

If^  this  plan  were  adopted,  the  following  practical 
advantages  would  follow : — 

1 .  The  expenditure  would  be  founded  on  well 
prepared  and  well  considered  estimates. 

2.  Instead  of  the  management  and  direction  of 
the  expenditure  being,  as  it  now  is,  practically  in  the 
hands  of  the  clerks  and  surveyors,  it  would  be  vested 
in  persons  chosen  for  their  qualifications  to  transact 
such  business  by  the  free  election  of  the  trustees. 

3.  The  responsibility  that  would  be  thrown 
upon  those  persons  would  induce  them  to  study 
the  science  and  art  of  road-making,  and  no  doubt, 
in  a  short  time  it  would  be  seen,  not  only  that  the 
expenditure  was  more  economically  conducted,  but 
that  scientific  management  would  supersede  the 
existing  system,  under  which  the  roads  are  so  des- 
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titute  of  neatness  and  uniformity  in  appearance, 
and  so  defective  in  solidity  and  hardness. 

4.  The  business  of  controlling  the  letting  of  the 
tolls,  and  of  deciding  upon  the  works  to  be  exe- 
cuted, would  remain  in  the  body  at  large  of 
trustees. 

It  is  only  by  legislating  on  principle,  and  in  this 
way  founding  an  efficient  governing  authority,  that 
any  general  and  useful  reform  can  be  secured  of 
the  existing  turnpike  trust  system.  So  long  as 
legislation,  overlooking  the  condition  of  the  fitness 
of  the  governing  authority  to  the  end  in  view,  seeks 
to  introduce  reforms  by  new  regulations  of  control 
to  be  brought  into  execution  by  boards  of  trustees, 
it  will  fail,  in  consequence  of  its  not  liaving  attacked 
the  cause  of  evil,  namely,  the  vicious  formation  of 
the  governing  authority.  * 

Another  great  evil  of  the  existing  system,  which 
a  new  law  should  correct,  is  that  of  placing  a  line 
of  road  under  the  management  of  too  many  sepa- 
rate boards  of  trustees.  With  respect  to  cross- 
country roads,  it  may  be  difficult  to  apply  a  remedy 
to  the  evil ;  but  as  to  all  the  mail-coach  roads  of 
the  kingdom,  a  law  should  be  passed  to  provide  for 

*  Taking  into  consideration  the  "whole  of  the  circumstances 
of  the  turnpike  roads,  it  would  appear  that  no  plan  could  be 
less  adapted  to  the  improvement  of  them  than  that  contained  in 
the  bills  which  were  brought  into  the  House  of  Commons  for 
consolidating  the  trusts  in  the  last  two  years.  They  did  not 
contain  any  regulations  founded  on  the  right  principles  of  the 
science  of  administration,  as  applicable  to  the  management  of 
road  money,  and  to  the  exercise  of  authority  over  officers  and 
workmen. 

T  4 
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the  consolidation  of  existing  trusts,  by  voluntary 
arrangements,  when  they  can  be  made ;  or,  by  taking 
advantage  of  the  expiration  of  the  existing  acts,  to 
vest  the  roads  to  which  they  relate  under  the 
management  of  the  adjoining  trusts,  so  as  to  have 
at  least  fifty  miles  in  each  trust  • 

*  Extract  from  Mr.  Telford's  first   annual   report  on  the 
Holyhead   Road,    dated   May    Uh   1824-,  p.  25:  — "Perfect 
management  must  be    guided  by  rules  and  regulations;   and 
these  must  be  carried  into  effect  by  the  unceasing  attention  of  a 
judicious  and  faithful  surveyor,  who  has,  by  actual  experience 
and  attention,  acquired  a  thorough  knowledge  of  all  that  is 
required  and  applicable  to  the  general  and  local  state  of  par- 
ticular districts,  as  regards  soil,  materials,  and  climate,  likewise 
the  sort  of  wear  to  which  the  surface  is  liable.     A  person  pos- 
sessed of  all  these  requisites,  and  otherwise  properly  qualified 
to  level  and  set  out  new  lines,  &c.  where  necessary,  must  re- 
ceive the  remuneration  such  a  character  merits,  and  may  always 
obtain,  in  this  active  and  industrious  country.     But  however 
convinced  and  well  disposed  trustees  may  be  to  give  this  re- 
muneration, the  tolls  of  five  or  six  miles  do  not  aiford  tlie  means 
of  giving  it    The  consequence  is,  that  the  Shifnal  trust  (four 
miles)  has  hitherto  been  under  the  management  of  a  person  so 
little  acquainted  with  proper  road  business,  that  it  becomes  a 
serious  consideration  whether  it  will  be  prudent  to  sufli*er  the 
extensive  improvement  at  Priors  Leigh  to  be  entrusted  to  his 
care.      Until  the  parliamentry  commissioners  interfered,   and 
showed  a  practical  example,  the  Wellington  trust  (seven  miles) 
was  managed  almost  wholly  by  the  clerk :  he  had  a  sort  of  fore- 
man, who  appeared  to  be  only  partly  employed  on  the  road. 
And  on  the  Shrewsbury  trust  (seven  miles),  as  has  already 
been  stated,  the  surveyor  and  contractor  were  united  in  the 
same  person.     All  these  managers  proceeded  without  regard  to 
any  rules  and  regulations  whatever,   receiving  only  occasional 
directions  from  some  of  the  most  active  of  the  trustees,  whoso 
varying  opinions  served  more  to  distract  than  benefit  the  prac- 
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Another  very  great  defect  in  our  legislation  re- 
mains to  be  noticed,  namely,  the  want  of  some 
power  to  control  the  trustees  of  turnpike  roads, 
and  to  prevent  neglect  and  corrupt  practices.  No 
other  trustees  are  free  to  do  whatever  they  please 
with  perfect  impunity  ;  and  no  reason  can  be  given 
for  not  making  every  one  who  takes  upon  himself 
such  an  office  accountable  before  a  proper  tribunal 
for  his  conduct  in  the  discharge  of  its  duties.  Dr, 
Adam  Smith  has  remarked  the  great  defect  in  the 
turnpike  laws  of  not  providing  such  a  control. 
Mr.  Burke  says,  "  It  is  of  the  very  essence  of  eveiy 
trust  to  be  rendered  accountable,  and  even  totally 
to  cease  when  it  substantially  varies  from  the  pur- 
poses for  which  it  could  have  a  lawful  existence." 
If  a  board  of  trustees  suffer  the  road  under  their 
care  to  get  into  a  bad  condition,  the  only  remedy 
is  to  indict  the  parish  through  which  the  road 
passes ;  but  nothing  can  be  more  contrary  to  every 
principle  of  justice  than  such  a  law.  In  all  cases 
where  trustees  have  the  management  of  landed 
property  applicable  to  the  maintenance  of  buildings, 
bridges,  and  roads,  proceedings  may  be  taken 
against  them  in  the  court  of  Queen's  Bench,  if  they 


tical  operations  of  the  workmen.  I  must  beg  leave  to  add,  that 
these  observations  are  applicable  to  all  trusts  of  similar  extent, 
and  are  evidence  of  the  propriety  of  establishing  districts  of  a 
magnitude  to  justify  a  more  perfect  arrangement,  and  the  em- 
ploying of  a  properly  qualified  surveyor,  whose  sole  occupation 
should  be  the  road  under  his  care,  and  who  should  also  be 
enabled  to  keep  constantly  employed  a  set  of  workmen 
thorougly  conversant  with  road  operations,  and  working  chiefly 
by  contract." 


282  A   TREATISE   ON    ROADS. 

abuse  tlie  trust  reposed  in  them.     In  the  case  of 
roads,  the  circumstance  of  the  funds  for  maintain- 
ing  them  being  derived  from  tolls  should  make  no 
difference,  and  the  trustees  should  be  equally  liable 
with  those  who  have  the  management  of  estates  to 
be  brought  before  this  court.     But  this  remedy 
would  not  be  sufficiently  easy  and  efficacious.     A 
more  direct  and  ready  course  of  proceeding  would 
be  to  allow  complaints  against  trustees  to  be  brought 
by  petition  before  the  judges  at  assizes.      The 
judges  should  be  empowered  to  try,  with  a  jury, 
the  allegations  contained  in  the  petitions  ;  and  in 
case  of  a  verdict  in  favour  of  the  petitioners,  the 
judges  should  be  enabled  to  set  aside  the  trustees, 
and  name  commissioners  to  take  charge  of  the  road 
for  as  long  a  period  as  they  might  think  advisable. 
In  order  to  afford  further  protection  to  the  pub- 
lic against  the  misconduct  of  trustees,  the  House 
•  of  Commons  ought  not  to  allow  turnpike  bills  to 
be  passed  as  a  matter  of  course.     A  particular  set 
of  standing  orders  should  be  framed  for  the  purpose 
of  keeping  such  persons  in  check.     No  bill  should 
be  aUowed  to  be  read  a  first  time  in  the  House  of 
Commons,  for  renewing  an  act,  until  after  a  select 
committee  had  been  appointed  to  examine  minutely 
into  the  state  of  the  road,  and  into  the  accounts  of 
it ;  and  time  should  be  allowed  for  petitions  to  be 
presented  to  the  House  against  the  bill,  and  for 
having  the  allegations  contained  in  them  fidly  ex- 
amined. 

But  in  addition  to  the  measures  now  proposed, 
however  well  adapted  they  may  be  for  putting  the 
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trustees  under  more  control  than  thev  now  are, 
another  should  be  taken,  further  to  secure  an  upright 
and  efficient  discharge  of  duty,  namely,  that  of 
placing  them  under  a  central  board  of  commission- 
ers, with  powers  of  inspection  and  superintendence, 
but  not  with  such  powers  as  would  essentially 
interfere  with  local  management. 

Although  in  principle  the  general  policy  of 
England  is  right,  of  leaving  local  affairs  to  local 
management,  experience  of  the  working  of  it  seems 
to  show,  that,  whenever  the  interests  of  the  public 
at  large  are  mixed  up  with  local  afiairs,  some  degree 
of  control,  on  the  part  of  the  public,  ought  to  be 
established.  When  local  affairs  are  of  such  a  na^ 
ture  that  they  are  confined  to  a  vicinage  of  limited 
extent,  the  only  persons  who  suffer  from  misma- 
nagement are  those  who  are  guilty  of  the  misma- 
nagement, and  no  one  need  pity  them,  or  try  to 
make  them  manage  better  :  their  own  i  terests  will 
lead  in  time  to  the  proper  remedy.  But  when, 
under  the  plea  of  managing  local  afiairs,  things  are 
done,  or  omitted  to  be  done,  by  which  the  public 
is  incommoded  and  injured,  then  the  local  authori- 
ties ought  to  be  brought  to  account,  and  their  mis- 
conduct exposed  and  corrected.  Now,  aU  main 
turnpike  roads,  though  commonly  considered  as  of 
a  local  character,  involve  to  a  great  degree  some 
most  important  public  interests,  because  the  greatest 
number  of  those  who  make  use  of  them  are  strangers 
to  the  districts  through  which  they  pass ;  and 
therefore  the  public  should  be  protected  by  some 
controlling  authority  possessed  of  powers,  at  least, 
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to  ascertain  and  make  known  the  proceedings  of 
the  local  trustees. 

The  Commissioners  of  Woods,  Forests,  and 
Land  Revenue  are  well  suited  to  act  as  a  board 
for  this  purpose.  They  have  recently  been  ap- 
pointed to  do  the  business  heretofore  done  by  the 
Board  of  Works,  and  also  to  execute  the  powers 
vested  in  the  Commissioners  of  the  Holyhead 
Roads. 

If  the  principal  roads  in  England,  Scotland, 
and  Wales  were  placed  under  these  commissioners, 
they  should  have  power  given  to  them  to  cause 
annual  inspections  to  be  made  by  competent  civil 
engineers,  so  as  to  obtain  accurate  information  con- 
cerning the  proceedings  of  every  turnpike  trust. 
Every  trust  should  be  obliged  to  furnish  them  with 
an  annual  account  of  its  income,  expenditure,  and 
debt,  and  they  should  also  have  authority  to  inquire 
into  the  particulars  of  these  accounts.  An  annual 
report  should  be  made  to  parliament  by  the  com- 
missioners, containing  a  summary  of  the  infoimation 
derived  from  their  inspections  and  inquiries. 

This  board,  in  addition  to  what  is  here  required 
of  it  as  a  board  of  control,  should  be  enabled  to 
assist  the  trustees  in  making  alterations  and  im- 
provements. It  should  be  authorised  to  have  sur- 
veys made  of  all  the  mail-coach  roads  of  Great 
Britain.  These  surveys  should  show  the  ground 
plan  of  each  road,  its  vertical  longitudinal  section, 
and  the  alterations  and  improvements  that  may  be 
made  in  it.  A  copy  of  the  survey  of  each  road 
should  be  given  to  the  trustees  who  have  the  ma- 
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nagement  of  it,  and  the  board  should  be  enabled  to 
make  an  arrangement  with  them  for  carrying  the 
necessary  alterations  and  improvements  into  execu- 
tion. 

In  order  that  the  board  may  be  competent  to 
make  such  an  arrangement,  powers  should  be  given 
to  it  to  issue  exchequer  bills  similar  to  those  pos- 
sessed by  the  commissioners  (under  57  Geo.  3. 
c.  54.)  for  issuing  exchequer  bills  for  public  works. 
Loans  should  be  made  to  the  trustees,  and  they 
should  be  permitted  to  lay  on  additional  tolls,  to 
pay  interest  at  the  rate  of  three  per  cent,  and  to 
provide  a  sinking  fund  for  repayment  of  at  least 
three  per  cent.  more. 

But  the  money  raised  by  these  loans  should  not 
be  paid  over  to  the  trustees  ;  it  should  be  held  by 
the  board,  and  expended  by  it  in  making,  by  its 
own  officers,  the  intended  alterations  and  improve- 
ments. 

The  board  should  have  power  to  purchase  land, 
procure  materials,  and  do  whatever  is  necessary  for 
making  new  roads ;  but  these,  when  finished,  should 
be  given  over  to  the  trustees. 

This  is  the  plan  which  has  been  acted  upon  by 
the  parliamentary  commissioners  in  making  the 
improvements  on  that  part  of  the  Holyhead  Road 
which  lies  between  London  and  Shrewsbury. 

When  the  parliamentary,  commissioners  took  in 
hand  the  improvement  of  this  road  in  1820,  the 
road  between  London  and  Birmingham  was  one  of 
the  worst  in  England.     The  consequence  was,  that 
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nearly  all  the  travelling  between  London  and  Bir- 
mingham was  by  Oxford,  though  the  longest  way 
by  eight  miles  j  but  now,  the  travelling  has  since 
been  transferred  from  the  Oxford  to  the  Coventry 
line  ;  so  that  the  plan  now  proposed,  with  respect 
to  the  prospect  of  its  success,  has  the  sanction  of 
experience.* 

If  this  plan  for  assisting  trustees  in  improving 
the  roads  were  applied  in  the  first  instance  only 
to  the  principal  mail-coach  roads,  the  expense  to 
be  incurred  by  the  central  board  in  making  sur- 
veys and  inspections  would  be  of  moderate  amount. 
These  might  be  made  by  resident  civil  engineers, 
acting  under  a  chief  engineer.  The  salary  of  each 
resident  engineer  need  not  exceed  300/,  a  year. 
Four  assistant  engineers  in  England,  and  one  in 
Scotiand,  would  be  able  to  do  all  the  business 
necessary  for  making  surveys  and  reports,  until  the 
central  board  should  have  to  execute  new  works. 
The  resident  civil  engineer,  under  Mr.  Telford,  Mr. 
John  Easton,  who  conducted  for  several  years  all  the 
works  on  the  road  between  London  and  Shrews- 
bury, received  but  200/.  a  year.  He  made  a  sur- 
vey of  the  whole  line ;  prepared  all  the  plans, 
estimates,    specifications,    and    drawings   for    the 

•  Mr.  HuskisflODy  as  chairman  of  the  commissioDera  of  Land 
Revenue,  was,  ex  qfflcioy  chairman  of  the  commissioners  of  the 
Holyhead  Road.  When  the  author  proposed  to  him  the  plan 
of  placing  the  trustees  of  this  road  under  their  control,  he  fully 
approved  of  it,  saying  that,  if  the  plan  succeeded,  all  the  roads 
of  the  kingdom  ought  to  be  placed  under  a  similar  control. 
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improvements;  inspected  the  contractor's  work; 
and  instructed  the  surveyors  of  the  local  trusts  in 
carrying  on  the  repairs  of  the  road. 

The  following  extract  from  the  report  of  the 
Committee  of  the  House  of  Commons  in  1819, 
on  the  public  highways,  contains  remarks  which 
concur  fully  in  principle  with  the  recommend- 
ations now  given  for  the  improvement  of  the  turn- 
pike roads : — 

"  The  importance  of  land-carriage  to  the  pro- 
sperity of  a  country  need  not  be  dwelt  upon. 
Next  to  the  general  influence  of  the  seasons,  upon 
which  the  regular  supply  of  our  wants,  and  a  great 
proportion  of  our  comforts,  so  much  depend,  there 
is,  perliaps,  no  circumstance  more  interesting  to 
men  in  a  civilised  state,  than  the  perfection  of  the 
means  of  interior  communication.  It  is  a  matter, 
therefore,  to  be  wondered  at,  that  so  great  a  source 
of  national  improvement  has  hitherto  been  so  much 
neglected.  Instead  of  the  roads  of  the  kingdom 
being  made  a  great  national  concern,  a  number 
of  local  trusts  are  created,  under  the  authority  of 
which  large  sums  of  money  are  collected  from  the 
public,  and  expended  without  adequate  responsi- 
bility or  control.  Hence  arises  a  number  of  abuses, 
for  which  no  remedy  is  provided ;  and  the  resources 
of  the  country,  instead  of  being  devoted  to  useful 
purposes,  are  too  often  improvidently  wasted. 

"  Your  Committee  do  not  mean,  by  these  ob- 
servations, to  recommend  that  the  turnpike  roads 
of  the  kingdom  should  be  taken  into  the  hands 
of  government,    as   such  a  measure   is  liable  to 
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various  objections;  more  especially  as  it  would 
be  difficult  to  compel  either  the  government  or 
its  agents  to  keep  the  roads  in  a  proper  state  of 
repair ;  and  as,  in  process  of  time,  the  roads 
might  be  considered  rather  as  a  source  of  reve- 
nue, than  an  accommodation  to  the  public.  But 
your  Committee  are  perfectly  convinced,  that 
leaving  matters  in  their  present  state  is  in  the 
highest  degree  impolitic.  They  are  of  opinion, 
that  a  parliamentary  commission  ought  to  be 
appointed,  to  whom  every  trust  should  be  obliged 
annually  to  transmit  a  statement  of  its  accounts, 
to  be  audited  and  checked.  Before  these  com- 
missioners any  complaints  of  improper  expendi- 
ture, by  which  so  many  innocent  creditors  suffer, 
ought  to  be  brought  and  inquired  properly  into. 
An  annual  report  of  the  state  of  the  turnpike  roads 
of  the  kingdom  ought  also  to  be  laid,  by  such  com- 
missioners, before  his  Majesty  and  both  Houses  of 
Parliament.  Such  a  commission  would  not  be 
attended  with  any  expense  to  the  public  treasury, 
as  a  small  poundage  on  the  money  received  by  the 
different  trusts  would  defray  all  the  expenses  it 
could  possibly  occasion. 

"  Nor  is  this  all  the  advantage  that  would  be 
derived  from  the  proposed  establishment.  Un- 
der the  direction  of  such  an  institution,  the 
necessary  experiments  might  be  tried,  for  ascer- 
taining the  best  mode  of  forming  roads,  and  the 
best  means  of  keeping, them  in  repair ;  the  proper 
construction  of  carriages  and  wheels ;  and  the  sys- 
tem of  legislative  provisions   the  best  calculated 
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for  the  preservation  and  improvement  of  roads. 
All  these  are  points  which  cannot  be  brought  to 
the  state  of  perfection  of  which  they  are  capable, 
without  some  attention  on  the  part  of  the  legis- 
lature ;  nor  by  committees  of  the  House,  occa- 
sionally appointed,  however  zealous  in  the  cause. 
Such  great  objects,  which  would  add  millions  to 
the  national  income,  and  would  increase  the  com- 
fort of  every  individual  in  the  kingdom,  can  only 
be  successfully  carried  through  by  a  great  and 
permanent  institution,  whose  whole  attention  shall 
be  directed  to  that  particular  object;  and  who 
would  take  a  just  pride  in  accomplishing  some  of 
the  greatest  benefits  that  could  be  conferred  on 
their  country.'* 

The  expense  which  must  unavoidably  be  in- 
curred in  making  roads  as  roads  ought  to  be  made, 
is  in  many  cases  so  great,  that  it  is  not  possible  to 
acquire  sufficient  funds  by  any  rate  of  toll  which 
would  be  submitted  to ;  and  therefore  it  becomes 
necessary  to  provide  some  plan  for  obtaining  them 
by  other  means.  When  the  improvement  required 
is  of  a  principal  mail-coach  road,  the  public  is 
so  much  interested,  that  the  counties  should  be 
enabled  to  levy  rates,  to  be  given  in  aid  of  the 
road  tolls.*     The  mail  coaches  also  should  pay 

*  By  the  46  Geo.  3.  c  43.  power  was  given  to  the  Treasury 
to  advance  to  the  grand  juries  of  Ireland  loans  for  making  and 
improving  mail-coach  roads,  to  be  repaid  in  instalments  by 
county  rates.  Several  excellent  roads  were  made  in  this  way, 
according  to  surveys  furnished  by  the  Post  Office,  and  all  the 
loans  have  been  repaid. 
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tolls,  not  t6  the  trustees,  but  to  the  central  board, 
to  be  applied  by  it  in  making  improvements.  It 
might  moreover  be  proper  to  apply  a  part  of  the 
revenue  to  this  purpose,  derived  from  the  duties 
on  post-horses  and  stage  coaches. 

All  past  legislation  may  be  said  to  have  £uled  in 
producing  perfect  roads,  in  consequence  of  most 
erroneous  notions  as  to  the  cost  of  making  a  good 
road.  The  want  of  correct  opinions  with  respect 
to  what  constitutes  a  good  road  has  commonly 
caused  the  necessity  of  providing  adequate  funds 
to  be  overlooked.  With  the  greatest  economy  and 
skill,  it  is  seldom  possible  to  make  a  long  line  of 
new  road  in  a  proper  manner,  with  no  other  funds 
than  the  money  raised  on  the  credit  of  tolls. 


PARISH    ROADS. 

The  roads  commonly  called  parish  roads,  in 
England,  are  generally  in  a  very  imperfect  con- 
dition. This  is  owing  chiefly  to  the  law  by  which 
their  management  is  placed  under  the  governing 
authority  of  the  vestries  of  the  parishes  through 
which  they  pass.  Blackstone  says,  "  In  England 
every  parish  is  bound,  of  common  right,  to  keep 
the  roads  that  go  through  it  in  good  and  sufficient 
repair,  unless,  by  tenure  of  lands  or  otherwise,  the 
care  is  conveyed  to  some  particular  persons." 

The  principle  here  established,  of  placing  the 
highways  of  the  kingdom  under  as  many  separate 
governing  authorities  as  there  are  parishes,  is,  in 
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every  respect,  repugnant  to  any  thing  like  a  sound 
principle  of  management;  and,  until  it  is  aban- 
doned, no  efforts  of  legislation  can  prove  success- 
ful in  introducing  any  real  improvement. 

So  long  as  this  radical  error  in  principle  shall 
be  recognised  by  parliament,  to  pass  acts  of  par- 
liament containing  a  multitude  of  new  regulations 
will  be  labour  in  vain.  The  influence  of  the 
original  cause  of  the  evils  which  prevail  will  render 
them,  as  they  have  rendered  hundreds  of  similar 
regulations,  wholly  abortive. 

Legislation  on  the  highways  of  England,  to  be 
productive  of  any  practical  good,  must  be  founded 
on  a  more  enlarged  view  of  the  subject  j  and  it 
seems  advisable  that,  instead  of  the  governing  au- 
thority of  a  parish,  that  of  a  county  should  be 
substituted,  or,  when  counties  are  very  large,  that 
of  a  division  of  a  county. 

The  reasons  which  may  be  given  to  support  this 
general  proposition  are  so  obvious,  that  it  is  unne- 
cessary to  state  them  all  in  detail ;  a  few  only  will 
be  noticed.  The  first  is,  that  the  private  interests 
of  a  vestry  lead  it  to  be  satisfied  with  very  imper- 
fect highways.  A  road  that  will  allow  a  waggon . 
to  be  drawn  upon  it  without  much  difficulty  will 
answer  the  purpose  of  those  who  commonly  com- 
pose a  vestry.  But  such  a  road  need  not  have 
any  other  qualities  than  two  ruts  for  the  waggon 
wheels,  and  a  track-way  for  the  horses.  The 
second  reason  is,  that  the  limited  extent  and  funds 
of  a  parish  will  not  admit  of  giving  such  a  salary 

u  2 


292  A   TREATISE   ON   ROADS. 

to  a  surveyor  as  will  secure  the  services  of  a 
person  educated  in  the  principles  of  road  manage- 
ment) and  otherwise  qualified  for  the  oflSce  of 
surveyor. 

Another  great  error  in  the  system  of  parish 
management  consists  in  the  regulation  by  which 
a  surveyor  is  appointed  to  act  only  for  one  year. 
This  practice  is  founded  on  the  vulgar  notion, 
that  for  the  management  of  roads  no  education  is 
required ;  that  it  is  not  an  art  to  be  directed  by 
skill  and  science.  It  is  a  practice  which  may  be 
set  down  as  having  its  origin  in  very  rude  times, 
and  made  familiar  by  long  usage  ;  but  it  certainly 
is  one  which  ought  to  be  abolished  in  the  present 
enlightened  state  of  society. 

To  legislate,  therefore,  on  sound  principles,  the 
old  custom  of  seeking  to  amend  what  is  wrong,  by 
laws  containing  a  multitude  of  new  regulations, 
must  be  abandoned  :  the  country  gentlemen  who, 
as  members  of  parliament,  undertake  the  task  of 
legislating  on  the  subject,  must  look  more  to 
general  principles  ;  and,  in  order  to  succeed,  they 
should  no  longer  allow  parish  vestries  to  be  the 
governing  authority,  or  surveyors  to  be  appointed 
to  act  only  for  one  year. 

The  principal  alterations  introduced  into  the 
law  affecting  highways  by  the  last  highway  act 
are  as  follows  : — 

The  surveyor  under  the  old  law  was  virtually 
selected  by  the  magistrates ;  under  the  new  law 
he  is  chosen  by  the  inhabitants  in  vestry  assem- 
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bled,  and  in  places  where  there  is  no  Vestry,  at  a 

public  meeting  of  the  rate  payers.     The  time  of 

election  is  altered  from  the  autumn  to  the  spring, 

when  the  other  parochial  oflScers  are  chosen. 

Statute  labour    and    all    compositions  in  lieu 

thereof  are  abolished ;  and  the  expense  attending 

the  repair  of  all  highways  is  to  be  defrayed  by 

a  rate  levied  in  the  same  manner  as  the  poor 
rate. 

Provision  is  made  for  the  appointment  of  a 
board  of  managers  in  populous  districts,  to  dis- 
charge  the  duties  of  surveyors. 

Parishes  may  unite  for  the  purpose  of  forming 
unions  or  districts  for  the  management  of  the 
roads,  and  district  surveyors  may  be  appointed 
with  salaries. 

The  law  with  reference  to  widening  highways 
remains  unaltered. 

The  mode  of  diverting  and  stopping  up  high- 
ways is  entirely  different  from  that  under  the  old 
law,  where  two  magistrates  could  in  the  first 
instance  make  the  order,  subject  to  an  appeal  to  ' 
the  bench  of  magistrates  at  Quarter  Sessions. 
Now,  afler  certain  notices  have  been  given,  and 
certain  prescribed  forms  observed,  which  must  be 
certified  by  two  magistrates,  the  order  is  taken 
to  the  Quarter  Sessions,  to  be  made  in  the  first 
instance ;  and  in  cases  of  appeal  the  magistrates 
present  are  directed  to  empannel  a  jury  to  try  the 
merits  of  the  case. 

Presentment  of  roads  by  magistrates  and  con- 
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stables  is  abolished.  The  power  of  indictment  is 
reserved  for  extreme  cases,  and  a  more  summary 
process  before  two  magistrates  prescribed  in  ordi- 
nary cases  where  roads  are  out  of  repair. 

The  remaining  provisions  of  the  act,  which 
refer  to  what  may  be  called  the  police  of  the  road, 
are  assimilated  as  much  as  possible  to  the  provi- 
sions of  the  general  turnpike  act. 
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CHAPTER  XIII. 


CARRIAGES. 


As  the  expense  of  maintaining  a  road  in  good 
order  depends  in  some  degree  upon  the  sort  of 
carriages  which  are  made  use  of,  a  few  remarks  on 
different  kinds  of  carriages  may  be  introduced  with 
propriety  into  this  work. 

When  a  road  has  been  made  with  very  hard 
materials,  and  it  has  a  very  smooth  surface,  a  wheel 
in  rolling  over  it,  even  bearing  a  great  weight,  does 
very  little  injury ;  but  when  it  has  been  made  with 
weak  materials,  a  wheel  cuts  and  injures  the  sur- 
face in  proportion  to  the  weight  it  carries.  The 
general  ignorance  of  road-making  on  right  prin- 
ciples led  all  those  who  first  undertook  to  improve 
the  roads  to  attempt  to  make  bad  materials  do  as 
well  as  good  ones,  by  regulating  the  breadth  of  the 
tires  of  wheels,  and  by  limiting  the  weight  to  be 
carried  on  them.  The  consequence  was,  a  great 
quantity  of  absurd  legislation,  and  no  improvement 
in  the  roads  ;  and  this,  simply  because  it  was  im- 
possible to  make  a  good  road  with  bad  materials. 
If  roads  were  made  sufficiently  strong  and  hard,  of 
a  proper  form,  and  kept  well  drained  and  scraped, 
the  only  case  in  which  the  legislature  need  inter- 
fere,   is    to  prevent  the   injury  that   wheels   do 
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which  have  nails  projecting  above  the  tires  of 
them.  With  such  roads,  the  interests  of  carriers 
of  all  kinds  would  lead  them  to  make  use  of  no 
other  than  one  horse  carts,  as  in  Scotland  and 
Ireland,  and  then  the  loads  would  never  be  so 
great  as  to  produce  any  injury  to  a  perfectly  good 
road. 

The  experience  of  the  use  of  one  horse  carts  in 
Scotland  and  Ireland  shows,  that  a  much  greater 
weight  can  be  drawn  by  horses  when  working  sin- 
gle  than  when  they  are  joined  together.  The 
reason  of  this  is,  that  it  is  impossible  to  make  two 
or  more  horses  exert  their  strength  so  that  each 
horse  shall  regularly  and  steadily  draw  its  proper 
share  of  a  load.  The  common  load  of  a  one  horse 
cart  in  Scotland  and  Ireland  is  SO  cwt,  exclusive 
of  the  cart,  while  the  average  load  that  a  horse 
draws  in  an  English  waggon  is  no  more  than 
15  cwt.,  exclusive  of  the  waggon. 

The  most  simple  and  effectual  way  of  getting 
rid  of  the  injury  which  very  heavily  laden  waggons 
do  to  roads  would  be,  to  increase  the  rate  of  toll 
on  any  additional  horse ;  for  instance,  if  the  toll 
was  4rf.  on  one  horse,  it  should  be  lOrf.  on  two, 
IJd.  on  three,  and  so  on. 

With  respect  to  carriages  used  for  carrying  pas- 
sengers, it  would  appear  that  the  business  of  build- 
ing carriages  not  having  been  interfered  with  by 
the  legislature  has  been  carried  on  very  much  to 
tlie  advantage  of  the  public.  In  other  countries, 
France  for  instance,  it  is  otherwise,  for  the  shape 
and  slow  rate  of  moving  of  a  French  diligence  is 


CARRIAGES.  297 

wholly  owing  to  a  most  absurd  regulation  respect- 
ing the  breadth  of  the  tires  of  the  wheels.  But 
although  stage  coaches  are  so  built  in  England  as 
to  allow  of  travelling  with  safety  and  convenience, 
and  at  a  cheap  rate,  the  comfort  of  travellers  might 
be  increased,  and  the  labour  of  horses  diminished^ 
if  the  body  of  a  coach  were  made  larger,  the  fore 
wheels  made  higher,  the  springs  made  longer  and 
slighter,  and  the  weight  made  to  rest  chiefly  on  the 
hind  wheels.  The  following  observations,  which 
were  drawn  up  for  the  Commissioners  of  Inquiiy 
into  the  Post  Office,  will  explain  fully  what  is 
proper  to  be  done  on  each  of  these  points^ 


ON  THE  CONSTRUCTION  OF  COACHES. 

In  order  to  form  right  opinions  on  plans  of 
coaches,  we  should  begin  by  acquiring  an  accurate 
knowledge  of  the  use  of  wheels.  Nothing  is  more 
common  than  to  meet  with  persons  who  have 
formed  the  most  decided  opinions  on  the  construc- 
tion of  carriages,  without  having  examined  the 
properties  of  wheels,  and  who  do  not  know  that 
they  are  treated  by  mathematicians  as  mechanical 
powers,  and  that  their  properties,  as  such,  are  ex- 
actly settled,  and  admit  of  no  dispute  among  men 
of  science. 

The  following  extracts  have  been  selected  from 
Hutton's  Mathematical  Dictionary,  Mr.  Davies 
Gilbert's  Treatise  on  Wheels  and  Springs  of  Car- 
riages, Rees's  Cyclopaedia,  and  Ferguson's  Lectures 
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on  Mechanics,  as  sufficient  to  give  as  much  infor- 
mation as  is  necessary  for  deciding  what  should  be 
the  height  of  the  wheels  of  a  coach,  and  whether 
the  loading  of  a  coach  should  be  placed,  for  the 
most  part,  over  the  fore  or  over  the  hind  wheels. 

Extract  from  Button's  Mathematical  Dictionary. 

Article  "  WheeV 

•«  The  height  of  the  wheel  is  of  material  conside- 
ration, as  the  spokes  act  as  levers ;  the  greater  the 
length,  therefore,  of  the  spokes,  or,  what  is  the 
same  thing,  the  greater  the  height  of  the  wheel, 
the  more  the  labour  of  horses  is  diminished  in 
drawing  a  carriage  on  wheels. 

"  Large  wheels  are  found  more  advantageous 
for  rolling  than  small  ones,  both  with  regard  to 
their  powers  as  a  larger  lever,  to  the  degree  of 
friction,  and  to  the  advantage  in  getting  over  holes, 
ruts,  and  stones,  &c.  If  we  consider  wheels  with 
regard  to  the  friction  on  their  axles,  it  is  evident 
that  small  wheels,  by  turning  oftener  round,  and 
swifter  about  their  axles  than  large  ones,  must  have 
much  more  friction.  Again,  if  we  consider  wheels 
as  they  sink  into  holes,  or  soft  earth,  the  large 
wheels,  by  sinking  less,  must  be  much  easier  drawn 
out  of  holes,  and  over  soft  earth,  as  well  as  more 
easily  over  stones  and  other  obstacles,  from  the 
great  length  of  lever,  or  spokes.  This  has  been 
brought  to  a  mathematical  calculation  by  Desa- 
guiliers,  in  his  Experimental  Philosophy,  vol.  i., 
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^^  Hence  it  appears,  then,  that  wheels  are  the 
more  advantageous  as  they  are  larger,  provided 
they  are  not  more  than  about  five  feet  in  height ; 
for  when  they  exceed  that  height,  they  become  too 
heavy  in  order  to  make  them  sufficiently  strong. 

^'  It  would  be  much  more  advantageous  to  make 
the  four  wheels  of  a  carriage  large,  and  nearly  of 
the  same  height,  than  to  make  the  fore  wheels 
much  lower  than  the  hind  wheels,  as  is  usually  the 
case. 

*'  It  is  accounted  a  great  disadvantage  in  small 
wheels,  that  as  the  axle  is  below  the  bow  of  the 
horses'  breasts,  the  horses  not  only  have  the  loaded 
carriage  to  draw  along,  but  also  part  of  the  weight 
to  bear,  which  tires  them  soon,  and  makes  them 
grow  stifFer  in  their  hams  than  they  would  if  they 
drew  more  on  a  level  with  the  fore  axle. 

**  If  the  wheels  were  always  to  roll  on  smooth 
or  level  ground,  it  would  be  best  to  make  the 
spokes  perpendicular  to  the  naves  or  to  the  axles^ 
because  they  would  then  bear  the  load  perpendicu- 
larly. But  because  the  ground  is  commonly  un- 
even, one  wheel  oflen  falls  into  a  cavity,  or  rut, 
when  the  opposite  wheel  does  not,  and  then  it  sus- 
tains more  of  the  weight  than  the  other  does ;  in 
which  case  it  is  best  for  a  wheel  to  be  dished,  be- 
cause the  spokes  become  perpendicular  in  the 
cavity,  and  therefore  have  the  greatest  strength 
when  the  obliquity  of  the  road  throws  most  of  the 
weight  on  them,  while  those  on  the  higher  ground 
have  less  of  the  weight  to  bear,  and  therefore  need 
not  be  at  their  full  strength. 
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**  The  axles  of  the  wheels  should  be  quite  straight^ 
and  perpendicular  to  the  shafts,  or  to  the  pole* 
When  the  axles  are  straight,  the  rims  of  the  wheels 
will  be  parallel  to  each  other,  in  which  case  they 
will  move  the  easiest,  because  they  will  be  at  liberty 
to  proceed  straight  forward ;  but  in  the  usual  way 
of  practice,  the  ends  of  the  axles  are  bent  down- 
wards, which  always  keeps  the  sides  of  the  wheels 
that  are  next  the  ground  nearer  to  each  other  than 
the  upper  sides  are ;  and  this  not  only  makes  the 
wheels  drag  sideways,  as  they  go  along,  and  gives 
the  load  a  much  greater  power  of  crushing  them 
than  when  they  are  parallel  to  each  other,  but  also 
endangers  the  overturning  of  the  carriage,  when  a 
wheel  falls  into  a  hole  or  rut,  or  when  a  carriage 
goes  on  a  road  that  has  one  side  lower  than  the 
other. 

"  Experience  shows  that  narrow-wheeled  car- 
riages are  more  easily  drawn  than  broad- wheeled 
ones.*' 

Extract  from  a  Treatise  on  Wheels  and  Springs 
for  Carriages^  by  Da  vies  Gilbert,  Esq.,  M.P., 
F.R.S.,  &c. 

"  Taking  wheels  completely  in  the  abstract,  they 
must  be  considered  as  answering  two  different 
purposes. 

"  First.  They  transfer  the  friction  which  would 
take  place  between  a  sliding  body  and  the  com- 
paratively rough  uneven  surface  over  which  it 
slides,  to  the  smooth  oiled  peripheries  of  the  axle 
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and  box,  whence  the  absolute  quantity  of  the  fric'> 
tion»  as  opposing  resistance,  is  also  diminished  by 
leverage,  in  the  proportion  of  the  wheel  to  that  of 
the  axle. 

"  Secondly.  They  procure  mechanical  advantage 
for  overcoming  obstacles,  in  proportion  to  the  square 
roots  of  their  diameter,  when  the  obstacles  are  rela- 
tively small,  by  increasing  the  time  in  that  ratio, 
during  which  the  wheel  ascends,  and  they  pass 
over  small  transverse  ruts,  or  hollows,  with  an  abso- 
lute advantage  of  not  sinking,  proportionate  to  their 
diameters,  and  with  a  mechanical  one,  as  before, 
proportionate  to  the  square  roots  of  their  diameters ; 
consequently,  wheels  thus  considered  cannot  be 
too  large : — in  practice,  however,  they  are  limited 
by  weight,  by  expense,  and  by  convenience.*' 

Extract  from  Rees's  Cyclopcedia.     Article 

"  WheeV 

"  In  concave  wheels,  the  rims  are  imiformly 
made  conical,  which  subjects  them  to  many  disad- 
vantages. Every  cone  that  is  put  in  motion  upon 
a  plane  surface  will  revolve  round  its  vertex ;  and 
if  force  is  employed  to  confine  it  to  a  straight  line, 
the  smaller  parts  of  the  cone  will  be  dragged  along 
the  ground,  and  the  friction  greatly  increased. 

**  When  the  fore  wheels  are  much  lower  than 
the  hind  ones,  many  disadvantages  attend  this  con- 
struction. A  considerable  force  is  lost  that  would 
be  effectual  if  they  were  large.  The  carriage  would 
go  on  much  more  easily  if  the  fore  wheels  were  a^ 
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high  as  the  hind  ones,  and  the  higher  the  better^ 
because  their  motion  would  be  so  much  slower  on 
their  axles,  and,  consequently,  the  friction  propor- 
tionally diminished. 

"  There  is  an  inconvenience  which  attends  the 
usual  method  of  loading  carriages ;  for  when  a 
carriage  is  loaded  equally  on  both  axles,  the  fore 
axle  must  endure  so  much  more  friction.  How- 
ever, the  carriers  put  the  heaviest  part  of  the  load 
upon  the  fore  axle,  which  not  only  makes  the  fric- 
tion greatest  where  it  ought  to  be  least,  but  also 
presseth  the  fore  wheels  deeper  into  the  ground 
than  the  hind  wheels,  although  the  fore  wheels, 
being  less  than  the  hind  ones,  are  with  so  much 
the  greater  difficulty  drawn. 

"  By  throwing  the  greatest  part  of  the  load  on 
the  small  wheels  the  draught  becomes  doubly 
severe  on  the  horses,  who  thus  unnecessarily  suffer 
for  the  ignorance  and  folly  of  man.** 

Extract  from  Ferguson's  Lectures  on  Meclianics. 

Edition  1806. 

"  Large  fore  wheels  are  advantageous,  botli  in 
horizontal  and  inclined  planes. 

"It  must  naturally  occur  to  every  person  re- 
flecting upon  this  subject,  that  the  axletrees  should 
be  straight,  and  the  wheels  perfectly  parallel. 

*^  In  some  carriages  which  we  have  examined, 
where  the  wheels  were  only  4  feet  6  inches  in  cUam- 
eter,  the  distance  of  the  wheeb  at  top  was  fully  6 
feet,  and  their  distance  below  only  4  feet  8  inches : 
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by  this  foolish  practice  the  very  advantages  which 
may  be  derived  from  the  concavity  of  the  wheels 
are  completely  taken  away. 

"  The  direction  of  the  traces  should  be  inclined 
to  the  horizon  when  the  horse  is  at  rest,  in  order 
that  it  may  be  horizontal  when  he  lowers  his  breast 
and  exerts  his  utmost  force." 

• 

Extract  from  a  Pamphlet  entitled  "  Cursory  Re- 
marks  on  Wheel  Carriages^^*  by  Mr.  John 
Cook,  of  Liquorpond-street^  Coach  Builder. 

"  With  smaller  wheels  before  than  behind,  the 
disadvantage  is  increased  in  proportion  to  the 
smallness  of  them  ;  so  that  if  small  fore  wheels  must 
be  used,  the  weight  ought  to  be  brought  nearer  to 
the  hind  ones.*' — p.  15. 

"  From  the  before-mentioned  cause  (the  great 
weight  over  the  fore  wheels),  the  fore  wheels  are 
pressed  so  forcibly  into  the  ground,  particularly  in 
bad  weather,  that  they  are  in  a  continual  hole, 
while  the  hind  ones,  capable  of  taking  the  greatest 
weight,  have  the  least;  which,  added  to  the  im- 
mense friction  from  dished  wheels,  together  with 
the  present  favourite  system  of  curtailing  their 
height,  and  of  oblique  traction,  nearly  doubles  the 
draught.** — p.  24. 

In  appljdng  the  principles  here  laid  doMm,  it  will 
be  proper  not  to  carry  them  further  than  experi- 
ence will  justify,  and  only  to  approximate,  as  much 
as  possible,  the  construction  of  a  coach  to  these 
principles  ;  and  therefore,  as  experience  shows  that 
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a  wheel  of  the  height  of  4  feet  8  inches  affords  very 
great  assistance  in  drawing  carriages,  in  consequence 
of  the  length  of  its  spokes,  or  leverage,  and  can  be 
made  of  great  strength,  without  being  very  heavy, 
it  is  proposed  in  the  plan  now  submitted  for  con- 
sideration that  the  hind  wheels  of  a  coach  should 
be  of  this  height. 

The  risk  of  overturning  being  greater  or  less, 
according  to  the  height  of  a  coach  from  the  ground, 
it  is  proposed,  in  order  to  keep  the  body  as  low  as 
possible,  to  fix  the  hind  end  of  the  perch  below  the 
hind  axle. 

As  the  running  of  a  coach,  whether  well  or  ill, 
depends  very  much  on  the  way  in  which  the  hind 
wheels  follow  the  fore  ones,  and  as  this  depends  in 
some  degree  on  the  length  of  the  perch,  the  perch 
should  be  as  short  as  it  can  be  made  with  safety, 
with  regard  to  the  greater  tendency  of  a  coach 
with  a  short  perch  to  overturn  than  with  a  long 
one.  On  these  considerations  it  is  proposed  that 
the  length  of  the  perch,  between  the  centres  of  the 
fore  and  hind  axles,  should  be  6  feet. 

From  what  has  been  said  about  wheels,  it  is  clear 
that  the  fore  wheels  should  be  as  high  as  the  hind 
ones ;  but  as  such  a  height  would  interfere  with 
the  turning  of  a  coach,  and  as  fore  wheels  as  high 
as  46  inches  are  already,  in  some  cases,  in  use,  it  is 
proposed  that  the  fore  wheels  should  be  of  this 
height.  It  is  probable  that  the  further  trial  of 
wheels  of  this  height  will  show  that  still  higher 
ones  may  be  conveniently  used. 

As  a  space  of  7  inches  should  be  allowed  for  the 
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play  of  the  springs,  the  bottom  of  the  hind  boot 
should  be  7  inches  above  the  axle. 

Most  stage-coaches  at  present  have  the  axles  4 
feet,  or  4  feet  1  inch  between  the  collars,  and  the 
arms  are  set  in  such  a  manner  that  the  wheels  are 
4  inches  wider  asunder  at  top  than  at  bottom. 
This  drooping  of  the  arms  adds  very  much  to  the 
draught.  The  principal  reason  in  support  of  this 
dish-form  given  to  wheels  is  that  it  enables  the 
wheels  to  bear  sudden  lateral  thrust.  If  a  wheel 
with  spokes  perpendicular  to  the  nave  fall  into  a 
rut,  and  if  in  that  situation  the  nave  be  pushed 
outwards  by  the  swing  of  the  carriage,  the  chances 
are  that  it  may  be  thrust  through  altogether,  and 
the  spokes  be  forced  out  both  from  the  nave  and 
from  the  fellies ;  whereas  in  a  dished  wheel  the 
nave  cannot  yield  outwards  until  the  shock  be  great 
enough  to  burst  the  tire  by  the  extension  of  the 
spokes.  Another  practical  advantage  of  a  mode- 
rate degree  of  dishing  is,  that  it  admits  of  the 
spokes  yielding  a  littie  when  the  tire  or  ring  is  first 
put  on,  and  retaining  their  tendency  to  spring  back 
to  their  first  position,  by  which  the  fellies  are  made 
to  continue  to  bear  against  the  tire,  even  after  it 
has  been  lengthened  by  the  blows  it  gets  in  running 
over  hard  pavement. 

The  fore  and  hind  axles  should  be  of  the  same 
length.  The  arms  should  taper  one  quarter  of  an 
inch,  and  be  slightly  bent,  so  as  to  bring  an  upright 
spoke.  The  fore  and  hind  wheels  should  rest  on 
the  ground  4  feet  8  inches  asunder  from  out  to  out. 
The  dish  given  to  the  wheels  should  be  so  adjusted 
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as  to  secure  the  following  of  the  hind  wheels  in  the 
track  of  the  fore  ones. 

Another  inconvenience  which  arises  from  a  per- 
fectly upright  wheel  is  the  throwing  of  the  road 
mud  into  tlic  coach-windows  and  on  to  the  roof. 

The  thickness  and  length  of  tlie  bearing  part  of 
the  axle  should  also  be  attended  to ;  in  heavy  stage- 
coaches the  arms  are  made  2^  inches  in  diameter, 
and  11  inches  long.  If  the  arms  be  made  of  the 
best  case-hardened  iron,  and  perfectly  cylindrical, 
2  inches  in  diameter  is  sufficient,  according  to  me- 
chanical principles,  with  a  bearing  of  7  inches. 
The  total  length  of  the  arms  should,  however,  be 
10  inches,  3  inches  of  it  being  hollowed  out  for 
holding  oil  or  grease. 

The  proper  width  of  the  tires  of  wheels  must  be 
determined  by  experiment.  That  there  is  some 
certain  width  of  tire  which  will  produce  the  least 
resistance  to  draught  cannot  be  denied,  but  what 
that  width  should  be  is  at  present  uncertain. 
There  is  one  thing,  however,  very  clear,  namely, 
that,  theoretically,  the  narrow  wheel  produces  the 
least  resistance  on  good  roads ;  and  this  is  so  £ir 
borne  out  by  practice,  that  the  coach-masters  have 
found  it  to  be  their  interest  to  make  the  tires  of  all 
the  fast  coaches  very  narrow.  Some  of  those 
coaches  which  travel  very  fast  have  the  tires  not 
more  on  the  bearing  than  1^  inch,  whilst  the  heavy 
or  slow  coaches  have  tires  of  2\  inches.  The  mails 
have  tires  of  1  inch  and  f .  If  a  proper  set  of  ex- 
periments were  made,  the  breadth  of  tires  would  be 
ascertained  for  different  states  of  the  weather  on 
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different  kinds  of  roads.  As  roads  are  at  present 
constructed,  narrow  wheels  are  not  so  injurious  as 
formerly ;  and,  untU  certain  data  be  obtained,  it 
will  perhaps  be  advisable  to  make  the  tires  not  less 
than  If,  or  more  than  2^  inches.  * 

The  convenience  of  travellers  has  been  very 
little  attended  to  in  arranging  the  size  of  the  bodies, 
and  the  height  and  depth  of  the  seats  inside  coaches. 

The  object  should  be  to  enable  the  traveller  to 
sit  in  such  a  position  as  will  admit  of  his  performing 
a  long  journey  with  the  least  &tigue. 

A  slight  degree  of  consideration  will  make  it 
clear,  that  the  seats  should  be  so  high  as  to  give 
ample  room  for  the  legs,  and  thus  allow  the  whole 
length  of  the  thighs  to  press  upon  the  seats,  and 
be  supported  by  them.  If  the  legs  h^v^  npt  room 
to  be  nearly  upright,  i^md  are  therefore  thrown 
forward,  the  fore  part  of  the  thighs  are  elevated, 
and  the  weight  of  the  body  is  made  to  rest  on  the 
upper  part  of  them,  so  as  to  produce  a  partial  strai^ 
on  the  muscles  in  supporting  the  body. 

*  In  France,  the  law  requires  that  every  diligence,  which,  with 
its  loading,  weighs  one  ton  and  three  quarters,  shall  have  the 
tires  of  the  breadth  of  3^  inches ;  and  that  every  diligence  which 
weighs  three  tons  shall  have  the  tires  of  the  breadth  of  4^  inches. 
As  the  roads  of  France  have  of  late  been  much  improved,  the 
very  great  inferiority  of  coach-travelling  in  that  country  to  what 
it  is  in  this  may  be  mainly  attributed  to  this  very  absurd  law 
respecting  the  tires  of  wheels.  If,  as  in  this  country,  there  was 
no  law  for  regulating  the  wheels  and  weights  of  diligences,  the 
roads  of  France  would  soon  be  covered  with  light  fas^  travelliBg 
carriages. 
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In  addition  to  this,  the  body  is  thrown  back- 
wards, and  the  weight  of  it  is  thereby  supported 
with  a  considerable  strain  on  the  muscles  of  the 
back,  which  leads  to  fatiguing  them.  There  can 
be  no  doubt  that  a  person  who  sits  on  a  high, 
deep,  and  broad  seat,  and  in  an  erect  posture,  as 
he  does  naturally  on  a  well-formed  high  chair,  will 
suffer  less  fatigue  than  one  who  sits  on  a  low  seat, 
and  in  a  reclining  posture.* 

For  these  reasons,  the  floor  of  the  well  should 
be  7  inches  below  the  body  of  a  coach  ;  the  seats 
should  be  15  inches  above  the  bottom  of  the  well ; 
the  cushions  of  them  should  be  4  inches  thick,  the 
depth  of  them  18  inches,  and  the  breadth  of  them 

*  This  is  too  true  of  all  sorts  of  stage-coaches  on  the  English 
roads.  Much  requires  to  be  done  to  improve  the  mail-coaches, 
80  as  to  render  them  less  fatiguing  to  travellers  going  long 
distances.  At  present,  the  whole  weight  of  a  traveller  s  body 
is  supported  on  the  projecting  bones  at  the  root  of  the  spinal 
column,  which  itself  is  unsupported  throughout  its  whole  length  ; 
as,  from  the  perpendicular  back  given  to  the  seats,  the  shoulder- 
blades  are  the  only  parts  of  the  trunk  which  can  touch  them.  If 
in  the  new  coaches  the  seats  should  be  made  of  the  breadth 
proposed,  and  if  they  be  made  1 1  inches  higher  in  front  than  at 
the  back,  then  the  whole  of  the  thigh  will  find  support,  and  by 
the  action  of  its  muscles  considerable  relief  will  be  given  to 
the  other  parts.  Much  may  also  be  done  to  give  relief  to 
the  traveller,  by  improving  the  hand  straps;  long  pendulous 
straps,  with  their  loops  adjustible  to  different  heights  (as  in 
some  of  the  French  diligences),  would  afford  great  relief,  by 
affording  a  rest  for  the  elbow  of  an  arm  passed  through  them. — 
JBxiraci  from  a  Letter  of  Sir  John  Bobissonj  Secretary  to  the 
Royal  Society  f  Edinburgh* 
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44  inches.  The  height  of  the  roof  from  the 
cushions  should  be  3  feet  6  inches,  and  the  width 
of  the  door  21  inches. 

By  making  the  depth  of  the  seats  18  inches, 
and  allowing  2  inches  for  the  breadth  of  the  back 
panel  and  inside  stuffing,  the  breadth  of  the  side 
panels,  outside,  will  be  20  inches.  They  should 
slope  from  the  seats  to  the  roof  with  a  rake  of 
1^  inches. 

According  to  the  established  law  of  mechanics, 
that  the  higher  the  wheel  the  easier  a  weight  upon 
it  is  drawn,  when  a  carriage  has  two  sets  of  wheels, 
one  of  which  is  necessarily  lower  than  the  other, 
the  body  of  such  a  carriage  should  be  so  construct- 
ed, and  so  placed  over  the  wheels,  that  the  greatest 
possible  portion  of  the  load  should  be  over  the 
hind  wheels.  When  the  carriage  is  loaded,  the 
fore  wheels  should  press  but  lightly  on  the  ground, 
only  in  such  a  degree  as  is  necessary  to  prevent 
the  fore  part  of  it  from  tilting  up. 

In  order  to  place  the  weight  as  far  behind  as 
possible,  the  body  should  be  set  as  far  back  as  it 
can  be  set,  with  allowing  for  the  opening  of  the 
door.  By  rounding  the  door  at  the  bottom,  it 
may  be  set  4  inches  within  the  front  part  of  the 
rim  of  the  hind  wheel. 

The  hind  boot  should  extend  to  4  inches  outside 
of  the  hind  wheel,  and  this  will  be  found  to  make 
its  length  36  inches. 

The  height  of  the  hind  boot  should  be  32  inches, 
and  the  breadth  of  it  as  great  as  it  can  be  made,  by 
setting  the  side  springs  as  far  as  possible  asunder. 
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If  the  side  springs  were  fastened  under  the  hind 
axle,  the  hind  boot  might  be  made  of  the  whole 
breadth  of  the  body  of  the  coach.  * 

The  bottom  of  the  fore  boot  should  be  on  the 
same  level  as  the  bottom  of  the  hind  one. 

The  height  of  it  should  be  32  inches. 

To  give  sufficient  space  for  the  passengers  to 
move  behind  the  coachman's  seat»  there  should  be 
12  inches  between  the  body  and  the  seat,  and  the 
seat  of  the  coach-box  should  be  15  inches  wide. 
The  fore  boot,  at  the  bottom,  should  be  25  inches 
in  length,  from  a  line  drawn  from  the  widest  part 
of  the  body,  30  inches  in  breadth,  and  34  inches  in 
height 

With  a  view  of  explaining  how  necessary  it  is  to 
make  use  of  long  and  pliant  springs,  the  following 
extracts  have  been  taken  from  the  treatises  of  Mr. 
Davies  Gilbert  and  Mr.  Edgeworth. 


Extract  from  the  Treatise  on  Wheels  and  Springs 
far  Carriages^  hy  Davies  Gilbert,  Esq.,  M.P., 
F.  R.  S. 

<'  Springs  were  in  all  likelihood  applied  at  first  to 
carriages  with  no  other  view  than  to  accommodate 

*  One  hone  carts  are  in  common  use  at  Paris  capable  of 
holding  30  ewt^  which  are  supported  on  horizontal  springs,  5 
feet  long,  fastened  under  the  axle.  A  moderate-sized  horse 
draws  one  of  these  carts  with  great  ease  when  fully  laden. 
There  are  also  in  Paris  a  number  of  omnibusses  supported  on 
springs  in  this  way. 
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travellers.     Thev  have  since  been  found  to  answer 
several  important  ends. 

"  They  convert  all  percussion  into  mere  increase 
of  pressure ;  that  is,  the  collision  of  two  hard  bo- 
dies is  changed,  by  the  interposition  of  one  that  is 
elastic,  into  a  mere  accession  of  weight.  Thus  the 
carriage  is  preserved  from  injury,  and  the  materials 
of  the  road  are  not  broken ;  and,  in  surmounting 
obstacles,  instead  of  the  whole  carriage  with  its 
load  being  lifted  over  them,  the  springs  allow  the 
wheels  to  rise,  while  the  weights  suspended  upon 
them  are  scarcely  moved  fix)m  their  horizontal 
level.  So  that  if  the  whole  of  the  weight  could  be 
supported  on  the  springs,  and  all  the  other  parts 
supposed  to  be  devoid  of  inertiOf  while  the  springs 
themselves  were  very  long,  and  extremely  flexible^ 
this  consequence  would  clearly  follow,  however 
much  it  may  wear  the  appearance  of  a  paradox, 
that  such  a  carriage  may  be  drawn  over  a  road 
abounding  in  small  obstacles  without  agitation,  and 
without  any  material  addition  being  made  to  the 
moving  power  or  draught** 

Extract  from  a  Letter  of  Davies  Gilbert,  Esq. 

"  A  carriage  without  springs,  moving  over  a 
rough  road,  has  to  be  lifted  over  obstacles,  or  out 
of  depressions,  and  all  the  power  expended  in 
overcoming  inertia  is  pure  loss;  but  the  force 
exerted  in  elevating  the  weight  is  in  a  great  mea^ 
sure  by  the  preceding  or  subsequent  descent. 
Now,   under  the  supposition   in   my  paragraph, 
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inertia  would  be  destroyed,  and  it  actually  is  so,  by 
the  springs  now  at  present  used,  and  by  the  smooth 
roads." 

Extract  from  an  Essay  on  tJie  Construction  of 
Roads  and  Carriages^  by  Richard  Lovell 
Edgeworth,  Esq.,  F.R.S.,  M.R.I.A.  Second 
Edition. 

"  So  great  is  the  advantage  of  springs,  that  they 
almost  annihilate  the   resistance  which   that  par 
of  the  load  which  rests  on  them  would  encounter 
without  them,  upon  stony  roads,  or  rough  pave- 
ment. 

"  From  the  whole  of  these  experiments,  it 
appears  that  the  advantage  of  springs  increases 
with  the  increased  velocity  of  carriages.*' — p.  118. 

**  Indeed  the  advantage  of  springs  has,  from 
common  observation,  been  stated  to  be  equal  to 
one  horse  in  four." — ^p.  126. 

"  Upon  the  whole,  the  application  of  springs  to 
carriages,  either  for  carrying  burthens,  or  for  plea- 
sure, tends  not  only  to  the  ease  of  the  traveller— 
to  the  safety  of  goods  that  are  carried — to  the 
preservation  of  roads — and  to  the  duration  of  car- 
riages themselves, — but  they  also  materially  facili- 
tate their  draught." — p.  I70. 

As  the  throwing  the  body  so  far  back  as  has 
been  proposed  will  not  admit  of  long  side  springs 
if  four  horizontal  springs  were  used  behind,  it  is 
proposed  that  there  shall  be  only  one  cross  spring, 
and  that  the  fore  ends  of  the  side  springs  shall  be 
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fastened  to  the  body  of  the  coach.  The  &stening 
of  them  should  be  adjusted  in  such  a  manner  as  to 
make  the  whole  of  the  weight  of  the  body  and 
hind  boot,  before  they  are  loaded,  press  on  the 
parts  of  the  side  springs  which  are  behind  the 
axle.  By  this  plan  of  having  only  one  cross  spring 
the  body  of  a  coach  will  have  a  much  steadier  sup- 
port than  it  has  according  to  the  present  plan  of 
two  cross  springs,  and  the  risk  of  overturning  will 
be  diminished. 

The  side  springs  to  be  4  feet  6  inches  long,  the 
cross  spring  to  be  46  inches. 

In  order  to  keep  the  weight  of  luggage  as  &x 
behind  as  possible,  nothing  but  carpet-bags  and 
light  packages  should  be  put  into  the  front  boot 
As  the  top  of  the  coach  will  be  only  7  feet  6  inches 
from  the  ground,  portmanteaus  and  other  heavy 
luggage  may  be  put  upon  the  roof.  If  3  feet  6 
inches  of  the  roof  next  the  guard's  seat  be  used 
for  this  purpose,  nearly  the  whole  of  the  weight 
of  the  luggage  on  the  roof  will  be  over  the  hind 
wheels.  For  still  further  securing  the  object  of 
having  the  weight  as  far  behind  as  possible,  a 
strong  iron  should  project  one  foot  from  the  bottom 
of  the  hind  boot,  having  an  iron  frame,  18  inches 
in  length,  fastened  to  it  with  a  hinge,  so  that  extra 
mail-bags  and  heavy  luggage  may  be  packed  to 
the  full  height,  if  necessary,  of  the  top  of  the 
guard's  seat. 

The  splinter-bar  should  be  set  3  feet  above  the 
ground :  this  will  make  the  angle  at  the  point  of 
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the  shoulder  of  the  horse,  between  the  trace  and 
an  horizontal  line,  an  angle  of  about  15  degrees. 


Stimmary  of  the  Jbregoing  Plan  Jar  building'  a 
Goach.-^{Se€  Plates  VIII.  and  IX.) 

lst«  The  hind  wheels  to  be  4  feet  8  inches 
high. 

2d.  The  fore  wheels  to  be  3  feet  10  inches 
high. 

Sd.    The  perch  to  be  6  feet  long. 

4th.  The  perch  to  be  fixed  under  the  hind  axle. 

5th.  The  axles  to  be  straight  from  end  to  end, 
and  the  bottom  of  die  hind  boot  7  inches  above 
the  hind  axle. 

6th.  The  rim  of  the  hind  wheel  to  project  4 
inches  beyond  the  line  of  the  opening  of  the  coach 
door. 

7th.  The  breadth  of  the  side  panels,  between 
the  door  and  the  hind  boot,  to  be  20  inches. 

8th.  The  end  of  the  hind  boot  to  project  4 
inches  beyond  the  rim  of  the  hind  wheel.  The 
height  of  it  to  be  36  inches,  and  the  breadth  42 
inches* 

9th.  The  breadth  of  the  door  to  be  21  inches. 

10th.  The  breadth  of  the  side  panel,  between 
the  door  and  the  fore  boot,  to  be  20  inches. 

11th.  The  length  of  the  bottom  of  the  fore  boot 
to  be  25  inches  ;  the  height  of  it  34  inches ;  and 
the  breadth  of  it  36  inches. 
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12th.  The  side  springs  b^ore  to  be  30  inches, 
and  the  cross  springs  46  inches. 

ISth.  The  side  springs  behind  to  be  54  inches 
long,  and  the  cross  spring  to  be  46  inches.  The 
fore  ends  of  the  side  springs  to  be  &stened  under 
the  body. 

14th.  The  well  of  the  body  to  be  7  inches  below 
the  body,  and  29  inches  from  the  ground ;  the 
seats  15  inches  above  the  floor  of  the  well ;  the 
cushions  4  inches  thick.  The  distance  from  the 
cushions  to  the  roof  to  be  8  feet  6  inches. 

15th.  The  depth  of  the  seats  to  be  18  inches, 
and  the  breadth  of  them  to  be  44  inches. 

I6tk  The  guard's  seat  to  be  15  inches  above 
the  hind  boot. 

17th.  The  splinter-bar  to  be  3  feet  from  the 
ground. 

18th.  The  hind  irons  to  be  2  feet  6  inches  long. 
The  advantages  of  a  coach  built  on  the  plan 
proposed,   over  a  coach  built  on  the   plan   now 
commonly  in  use,  will  be  as  follow  :  — 

1st.  By  having  the  fore  wheels  higher,  the  weight 
set  as  much  as  possible  over  the  hind 
wheels,  the  perch  shorter,  and  the  springs 
longer,  the  labour  of  the  horses  will  be 
very  much  diminished. 
2dly.  By  making  the  body  wider,  deeper,  and 
higher,  it  will  be  much  more  convenient 
for  travellers ;  they  will  also  have  great 
benefit  frcmi  the  longer  springs. 
Sdly.  By  fastening  the  perch  under  the  axle,  the 
body  of  the  coach  will  be  at  a  less  height 
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from  the  ground  than  is  now  commonly 
the  case. 

Comparative  Size  of  a  Coach  built  on  the  proposed 
Ptariy  and  of  a  common  Coach. 


Proposed  Coach.  Common  Coach. 
Inches.                  Inches. 

Jb'ore  boot    - 

-       25                25 

Panel    - 

-     20               17 

Door  -        .        - 

-       21               21 

Panel    - 

-    20              17 

Hind  boot    - 

.      36              33 

Length  of  body  and  boots     122  113 


Height  of  body  and  well 

61 

56 

Height     of    seats     and 

cushions  inside 

19 

17 

Depth  of  ditto 

18 

15 

Height  of  roof  over  the 

cushions 

42 

39 

Height  of  fore  wheel 

46 

42 

Height  of  hind  wheel 

56 

56 

From  this  table  it  appears  that  great  improve- 
ments may  be  made  without  departing  very  much 
from  the  present  plan  of  building  coaches. 

As  the  practice  of  dishing  wheels,  and  bending 
the  arms  of  the  axles  downwards,  originated  in 
some  degree  in  the  bad  state  of  the  roads,  now  that 
they  have  become  so  much  improved  the  degree 
of  dishing  heretofore  given  to  wheels  should  be 
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reduced,  and  made  wholly  to  depend  upon  expe- 
rience, with  reference  to  the  wearing  out  of  wheels, 
and  the  expense  of  renewing  them. 

Attention  should  be  paid  to  diminishing,  as  much 
as  possible,  the  size  and  weight  of  all  wood  and 
iron  work  in  coaches.  As  all  coaches  are  provided 
by  contract,  and  as  it  is  the  interest  of  the  con- 
tractors to  make  them  as  strong  as  possible,  it  is 
much  more  than  probable  that  they  are  built  much 
stronger,  and  consequently  much  heavier,  than 
necessary. 

Notwithstanding  the  roads  are  now  no  longer  cut 
into  deep  ruts  and  holes,  the  coaches  are  all  nearly 
as  heavy  as  they  were  fifteen  years  ago.  The  Post- 
ofiice,  and  all  coach  proprietors,  should  take  care,  in 
making  their  contracts  with  the  builders,  to  have 
the  weight  of  each  coach  carefully  determined 
upon,  and  properly  specified  in  the  contracts. 

Although  science,  if  properly  applied,  will  cer- 
tainly lead  to  improvement  in  the  construction  of 
coaches,  a  series  of  experiments  should  be  made, 
in  order  to  determine,  with  complete  accuracy, 
what  is  the  full  effect  of  wheels,  springs,  and  good 
roads  in  diminishing  the  labour  of  horses. 

Mr.  McNeill's  invention  of  an  instrument  for 
trying  the  draught  of  carriages,  which  has  been 
found  to  be  perfectly  fit  for  the  purpose,  now 
admits  of  such  experiments  being  made  with  a 
certainty  of  leading  to  accurate  results ;  and  it  is 
very  important  that  they  should  be  made.  In 
point  of  fact,  although  the  extracts  which  have 
been  taken  from  works  of  science  are  quite  suflS- 
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cient  to  convince  all  persons  who  have  received  a 
scientific  education  that  the  fore  wheels  of  a  coach 
ought  to  be  high,  and  that  the  greater  part  of  the 
load  should  be  placed  over  the  hind  ones,  as  it 
happens  that  few  of  those  persons  who  are  con- 
cerned in  the  directing  of  the  building  and  in  the 
building  of  coaches  have  ever  applied  themselves 
to  scientific  inquiries,  so  as  to  know  either  why 
spokes  are  called  levers,  and  what  the  property  of 
the  lever  is,  or  what  the  effects  are  of  the  friction 
of  wheels  in  turning  on  their  axles  and  in  moving 
on  roads,  it  is  quite  necessary  that  experiments 
should  be  made,  so  that,  by  showing  how  much 
work  horses  actually  do  in  drawing  different  kinds 
of  carriages,  nothing  shall  be  lefl  wanting  to  expose 
the  prevailing  errors  with  respect  to  wheels,  and 
the  proper  manner  of  loading  coaches. 

As  Mr.  M*Neill's  instrument  can  be  fixed  to  a 
coach,  with  the  horses  to  it,  what  it  shows  is,  the 
actual  force  or  labour  which  they  exert  in  draw- 
ing; and,  therefore,  the  experiments  made  with 
this  instrument  are  not  liable  to  errors,  like  other 
experiments,  where  it  is  necessary  to  use  a  sub- 
stitute for  the  real  power. 

The  expense  of  making  a  proper  set  of  experi- 
ments would  amount  to  some  hundred  pounds: 
as,  however,  there  exists  nothing  to  make  it  worth 
the  while  of  any  private  person  to  incur  it,  these 
experiments  should  be  ordered  and  paid  for  by 
government  This  small  expenditure  would  soon 
be  repaid  by  the  saving  which  would  be  effected 
by  diminishing  the  labour  of  horses  in  drawing 
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stage-coaches,  and,  consequently,  the  expense, 
which  now  falls  indirectly  on  the  public  in  pro- 
\dding  a  sufficient  number  of  them,  and  maintain- 
ing them. 

The  plan  here  proposed  for  a  mail  coach  may  be 
easily  adapted  to  stage-coaches. 

For  a  light  post-coach  the  hind  side  springs 
should  be  fastened  under  the  axle,  and  the  hind 
boot  made  42  inches  wide  ;  a  second  set  of  irons 
should  be  put  above  the  door  of  the  hind  boot, 
and  a  gammon-board  should  be  attached  to  the 
body. 

For  a  heavy  coach  the  perch  should  be  made 
6  inches  longer;  the  fore  boot  also  6  inches  longer; 
the  fore  wheel  4  feet  high;  and  the  hind  wheel 
4  feet  10  inches  high. 

In  packing  coaches  the  hind  boot  should  be  first 
packed,  and  then  the  hind  irons.  The  fore  boot 
should  be  used  only  for  parcels  and  luggage  to  be 
dropped  or  taken  up  on  the  road. 
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DESCRIPTION  OF  THE  ROAD  INDICATOR,  AN  INSTRUMENT 
INVENTED  BY  MR.  MACNEILL  FOR  THE  PURPOSE  OF  ASCER- 
TAINING THE  DRAUGHT  OF  CARRIAGES,  AND  THE  COMPARA- 
TIVE MERIT  OF  ROADS ;  WITH  TABLES  OF  EXPERIMENTS, 
ETC* 

±ui8  instrument,  which  is  described  in  the  following 
pages,  is  capable  of  being  applied  to  several  very  impor- 
tant purposes  in  road  engineering,  amongst  which  are  the 
following :  — 

First,  It  affords  the  means  of  ascertaining  the  exact 
power  required  to  draw  a  carriage  over  any  line  of  road. 

Secondly,  It  can  be  applied  to  compare  one  line  of  road 
with  another,  so  as  to  determine  which  of  them  is  the  best^ 
and  the  exact  amount  of  the  di£Perence,  as  regards  horse 
power,  both  for  slow  and  fast  coaches. 

Thirdly,  The  comparative  value  of  different  road  surfaces 
may  be  determined  with  great  exactness. 

Fourthly,  It  affords  the  means  of  keeping  a  registry,  in 
a  most  accurate  manner,  from  year  to  year,  of  the  state  of 
a  road,  showing  its  improvement  or  deterioration,  and  the 
exact  parts  in  which  such  improvement  or  deterioration 
have  taken  place. 

*  This  paper  has  been  furnished  by  Mr.  Macneill. 

Y 
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PRACTICAL  EXAMPLES  EXPLANATORY  OF  THE  FOREGOING 

STATEMENT. 

Ist,  Let  it  be  required  to  determine  the  expense  of 
working  a  four -horse  coach  over  the  line  of  road  from 

to 9  at  a  velocity  of  ten  miles  an  hour.     Suppose 

the  instrument  has  been  run  over  the  road,  and  that  it  has 
been  found  that  the  average  power  required  to  draw  a  four- 
horse  coach  over  the  whole  line  amounts  to  ddOlbs.,  and 
the  distance  equal  to  twelve  miles.  Let  the  average  power 
which  a  horse  should  exert  for  eight  miles  a  day,  with  a 
velocity  of  ten  miles  per  hour,  be  assumed  equal  to  60  lbs., 
then  60  X  8 =480 lbs.,  raised  one  mile  in  the  day;  and 
taking  the  daily  expense  of  a  horse  equal  to  six  shillings, 
we  have  480  lbs.  :  6^. ::1  lb. !' 15,  the  expense  of  horse 
power,  exerting  a  force  of  one  pound  over  one  mile. 
Thence,  350  x  *  15  x  12  miles  =  630  pence,  or  2/.  12^.  6rf., 
the  expense  of  horse  power  required  to  work  a  four-horse 
coach  per  day  over  such  a  road. 

2dly,  Suppose  it  be  required  to  determine  whether  it  is 
more  expensive  to  work  a  coach  over  the  stage  from  A  to 
B,  or  over  the  stage  from  C  to  D,  both  stages  being 
exactly  ten  miles,  and  horse  keep  the  same  in  both  dis- 
tricts. Let  the  instrument  be  run  over  both  stages,  and 
suppose  the  average  power  thus  determined  to  be  280  lbs. 
on  the  stage  from  A  to  B,  and  320  lbs.  on  the  stage  from 
C  to  D,  the  difference  is  320  -  280  =  40  lbs. ;  and  this 
difference  will  amount  to  40xl0x*15  =  5  shillings  in 
horse  power,  in  favour  of  the  stage  from  A  to  B. 

Again :  suppose  the  stage  from  A  to  B,  which  is  ten 
miles  in  length,  to  be  compared  with  the  stage  from  £  to 
F,  which  is  only  eight  miles  in  length,  but  more  hilly,  or 
having  a  worse  surface.  Let  the  instrument  be  run  over 
each  stage  as  before,  and  suppose  the  average  power  from  £ 
to  F  to  be  found  equal  to  500  lbs.,  whilst  the  average  power 
over  the  stage  from  A  to  B  is  only  320  lbs.,  as  this  stage 
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is  ten  miles  in  length,  the  expense  of  working  over  it  will 
be  320  X  10  X  '  15  =  576  pence;  and  the  expense  over  the 
stage  from  E  to  F  will  be  500  x  8  x  '15=600  pence;  from 
which  it  will  be  seen  that  less  expense  will  be  required  to 
draw  the  carriage  from  A  to  B  than  from  £  to  F,  although 
the  distance  from  E  to  F  is  two  miles  shorter  than  from  A 
to  B ;  and  that  the  difference  of  expense  will  be  600  — 
576=24  pence,  or  two  shillings  per  day  for  a  four-horse 
coach. 

3dly,  Suppose  it  be  required  to  determine  the  best  sur- 
face on  different  parts  of  a  road,  which  has  been  con- 
structed on  different  principles  or  repaired  with  different 
descriptions  of  road  materials.  Let  the  instrument  be  run 
over  each  portion  of  the  road,  and  the  average  power  noted 
—  also  the  rates  of  inclination,  as  shown  by  the  instrument, 
or  a  spirit  level  —  then  reduce  the  average  draught  over 
each  rate  of  acclivity  to  what  it  would  be  if  it  was  horizon* 
tal;  the  comparison  of  the  corrected  draughts  will  show 
the  friction  arising  from  the  surface  in  each  case.  Thus, 
suppose  the  average  draught  over  a  portion  of  the  road, 
which  has  been  repaired  with  gravel,  and  which  rises  1  in 
20,  to  be  250  lbs.  The  correction  for  1  in  20  is  39 "  2  lbs. 
The  friction  of  the  surface  and  axles  is  therefore  250 — 
39 '2,  or  210* 8 lbs.  (See  7th  Report  of  Parliamentary 
Commissioners  of  the  Holyhead  and  Liverpool  Roads, 
published  by  order  of  the  House  of  Commons,  January, 
1830.) 

In  the  same  way,  suppose  the  draught  over  another 
portion  of  the  road  which  rises  1  in  10,  but  which  has 
been  repaired  with  granite,  is  found  to  be  260  lbs.  The 
correction  for  1  in  10  is  78 '4  lbs.,  therefore  the  friction  of 
the  surface,  or  what  it  would  be  if  it  was  horizontal,  would 
be  260  — 78 '4,  or  181  * 6 lbs.  only;  the  difference  between 
this  and  the  gravel  surface  will  therefore  be210'8— 181*6, 
or  29*  2  lbs.,  which  is  equal  to  a  saving  of  4|  pence  for 

Y  2 
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every  horse  drawing  over  a  mile  of  such  a  road,  as 
compared  with  the  other. 

4thly,  The  most  important  and  useful  application  of  the 
instrument  is,  perhaps,  that  of  being  able  to  ascertain  with 
accuracy  and  precision  the  state  of  any  road,  from  time  to 
time,  as  regards  its  surface ;  and  the  state  of  repair  in 
which  it  has  been  kept* 

The  following  table,  or  yearly  register  of  a  quarter  of  a 
mile  of  road,  will  show  this  more  clearly.  The  numbers 
in  the  column  represent  the  draught  or  horse  power,  taken 
at  every  ten  yards.     Thus,  in  the  first  column  of  the  year 

1829,  die  draughts  were  in  summer  20,  30,  25,  &C.,  and 
in  the  second,  or  winter  column  of  the  same  year,  the  cor- 
responding draughts  on  the  same  identical  part  of  the  road 
are  found  to  be  35,  35,  30,  &c. :  these  columns  added  up, 
and  divided  by  the  number  of  observations,  give  44 '5  lbs. 
for  the  mean  summer  draught,  and  49*  45  lbs.  for  the 
mean  winter  draughts,  over  this  quarter  of  a  mile.  By 
following  the  same  process  in  the  following  year,  viz.  in 

1830,  the  mean  summer  draught  was  found  to  be  35 'Gibs., 
and  the  mean  winter  draught  40*  36  lbs.,  showing  that  the 
road  had  been  improved  in  the  course  of  the  year  very 
considerably ;  and  by  a  reference  to  the  numbers  in  the 
columns  on  the  same  horizontal  lines  with  each  other,  it 
will  be  found  the  improvement  has  been  general,  through- 
out the  whole  distance.  In  the  next  year,  1831,  it  will  be 
seen  that  the  average  power  in  summer  is  40 '  52  lbs.,  and 
in  winter  46  *  5  lbs.,  which  shows  the  road  is  not  so  good 
as  it  was  in  the  preceding  year,  1830,  but  better  than  it 
was  in  the  first  year,  1829.  Again,  in  the  year  1832,  it 
is  found  that  the  average  summer  draught  is  53*  6  lbs., 
and  the  winter  draught  63' 18  lbs. :  by  comparing  these 
numbers  with  any  of  the  preceding  years,  it  will  at  once 
be  evident  that  the  road  has  become  worse ;  and  by  a 
reference  to  the  figures  in  the  column,  it  will  be  seen  that 
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it  is  defective  in  every  part  as  compared  with  the  preceding 
years,  but  more  especially  so  near  the  end,  where  the 
draught  in  summer  varies  from  60  to  85  lbs.,  and  in  winter 
from  75  to  95  lbs. ;  whereas,  in  1830,  two  years  before,  the 
draughts  in  summer,  over  the  same  part  of  the  road,  varied 
from  35  to  38  lbs.  only,  and  in  winter  from  40  to  46  lbs. 
The  instrument,  therefore,  shows  not  only  that  the  road 
has  been  getting  generally  worse,  but  it  points  out  the 
particular  parts,  and  the  exact  amount  of  deterioration; 
thus  enabling  the  proper  authorities  to  say  that  the  road 
has  become  worse,  the  amount  of  the  deterioration^  and  the  exajd 
part  of  the  road  where  sttch  deterioration  has  taken  place. 

The  public  advantages  to  be  derived  from  such  a  system 
of  road  inspection  would  probably  be  very  great.  It  would 
show  not  only  where  the  best  plan  of  repairing  roads  has 
been  followed,  and  point  out  where  there  are  good  and 
bad  surveyors,  but  it  would  also  show  if  the  money  of  the 
trust  is  improperly  applied  or  wasted  on  any  line  of  road ; 
and  it  will  enable  trustees,  who  let  the  repairs  of  their 
roads  by  contract,  to  determine  whether  or  not  the  con- 
tractors have  done  their  duty,  and  kept  the  road  in  the 
same  state  of  repair  as  at  first,  or  whether  they  had 
improved  it,  or  suffered  it  to  become  defective. 

There  are  many  other  uses  to  which  the  instrument  may 
be  applied,  but  the  foregoing  are  the  principal  ones. 
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DESCRIPTION  OF  THE  INSTRUMENT. 

The  framework  is  of  wrought  iron,  about  two  feet  six 
inches  long,  and  eighteen  inches  wide.  In  this  frame  a 
dynamometer  and  brass  cylinder  are  placed;  the  dyna- 
mometer is  connected  by  its  arm  to  one  side  of  the  frame, 
and  the  cylinder  is  secured  in  the  frame  by  trunnions, 
which  are  cast  on  it,  and  which  turn  in  a  circular  hoop  or 
belt,  firmly  screwed  to  one  side  of  the  frame,  and  a  bar 
running  across  it.  The  dynamometer,  or  weighing-mar 
chine,  which  forms  part  of  the  instrument,  was  introduced, 
some  years  ago,  by  Mr.  Marriott;  and  as  it  is  now  so 
generally  known,  being  used  in  mail-coach  and  other 
offices  instead  of  the  common  steelyard,  or  scales  requiring 
weights,  it  is  needless  to  describe  it  here.  On  my  applying 
the  weighing-machine,  in  its  simple  form,  to  measure  the 
draught  of  carriages,  I  found  that  the  index  vibrated  so 
quickly,  and  over  so  large  an  arch  of  the  circle,  that  it  was 
impossible  to  observe  the  point  indicating  the  force  of 
draught ;  for  a  horse  exerts  his  power  by  a  succession  of 
impulses,  or  strokes  of  his  shoulders  against  the  collar,  at 
every  step  he  makes,  and  not  by  a  constant  uniform  pull^ 
as  is  generally  supposed.  To  remedy  this  inconvenience, 
and  do  away  with  the  vibrations,  I  applied  a  piston, 
working  in  a  cylinder  full  of  oil,  and  connected  with  the 
dynamometer  in  such  a  manner  that  when  any  power  or 
force  is  applied  to  it,  so  as  to  carry  round  the  index,  the 
piston  is  at  the  same  time  moved  through  the  fluid.  The 
connection  of  the  dynamometer  with  the  cylinder  is  by 
means  of  a  lever  working  on  a  pivot ;  the  arms  of  the  lever 
are  of  unequal  length;  the  tail-piece  of  the  dynamometer 
is  connected  with  the  short  arm,  at  a  distance  of  two  inches 
from  the  centre,  or  fulcrum,  by  means  of  a  pivot-joint  at 
precisely  the  same  distance  from  the  fulcrum ;  a  flat  bar  oC 
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iron  is  connected  with  the  longer  arm,  by  a  joint  similar 
to  that  by  which  the  tail-piece  is  connected  with  the  short 
arm,  so  that  any  power  or  weight  applied  to  the  bar  will 
produce  the  same  effect  on  the  index  as  if  the  power  was 
applied  directly  to  the  tail-piece  of  the  djnmmometer ;  this 
bar  passes  over  a  friction  roller,  and  to  it  the  power  of  the 
horses  is  applied  when  in  use,  by  means  of  traces  and  a 
bar,  as  in  the  ordinary  mode  of  draught.  At  the  extremity 
of  the  long  arm,  the  piston-rod  is  connected  by  a  joint 
similar  to  the  others ;  the  piston-rod,  after  passing  through 
a  stuffing-box  in  the  cap  of  the  cylinder,  is  screwed  into 
a  piston,  or  circular  plate  of  thin  brass  perforated  with 
small  holes;  and  out  of  one  part  of  the  circumference 
a  square  notch  is  cut,  the  use  of  which  will  be  hereafter 
described 

By  this  construction  the  resistance  of  the  fluid  to  the 
piston,  which  acts  at  the  extremity  of  the  long  arm  of  the 
lever,  prevents  its  turning  round  the  fulcrum  to  the  extent 
it  otherwise  would  do  when  it  is  acted  upon  by  any  sudden 
impulse  applied  to  the  bar ;  it  will,  however,  move  over  a 
space  proportioned  to  the  intensity  of  the  force  applied ; 
and  if  the  pulls  follow  each  other  in  rapid  succession,  the 
piston  will  move  slowly  out,  and  the  index  will  turn  round 
steadily  and  uniformly,  until  the  power  is  balanced  by  the 
spring  of  the  dynamometer,  at  which  time  the  index  will 
point  out  on  the  dial  very  nearly  the  weight  or  power 
which  is  equivalent  to  the  draught. 

The  divisions  on  the  dial-plate  of  the  dynamometer  de- 
crease from  zero  upwards,  in  order  to  compensate  for  the 
increased  force  which  the  spring  exerts  in  proportion  as  it 
is  wound  up :  in  consequence  of  this,  the  index  does  not 
pass  over  equal  spaces  when  equal  forces  are  applied  in 
different  states  of  tension  of  the  spring ;  the  piston,  there* 
fore^  will  not  pass  through  equal  spaces  in  the  cylinder, 
and  the  vibrations  would  consequently  be  greater  in  the 
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higher  numbers,  because,  the  velocity  of  the  piston  being 
less,  its  resistance  through  the  fluid  will  be  less,  at  the 
same  time  the  power  opposed  to  it  is  greater.  To  obviate 
this,  and  make  the  index  equally  steady  on  all  parts  of  the 
dial,  a  narrow  slip  of  brass,  formed  into  an  inclined  plane^ 
is  soldered  to  the  inside  of  the  cylinder,  parallel  to  its  axis, 
the  largest  part  being  at  that  end  of  the  cylinder  towards 
which  the  piston  rises  when  the  index  moves  towards  the 
greater  power. 

The  notch,  which  was  before  mentioned  as  cut  in  the 
side  of  the  piston,  exactly  correqK>nds  in  size  with  the 
largest  part  of  this  inclined  plane^  so  that  when  the  piston 
is  at  the  upper  end  of  the  cylinder,  the  notch  is  completely 
filled  up  by  the  inclined  plane;  on  the  contrary,  when  the 
piston  is  at  the  lower  end  of  the  cylinder,  the  notch  is  open : 
by  this  contrivance  the  aperture  through  which  the  fluid  is 
obliged  to  pass,  as  the  piston  moves  from  the  lower  end  of 
the  cylinder  to  the  higher,  is  gradually  contracted,  and,  of 
course^  the  resistance  of  the  piston  through  the  fluid  grar 
dually  increases,  and  compensates  the  increased  power  of 
the  spring,  rendering  the  vibrations  nearly  uniform  from 
the  lowest  to  the  highest  power.  This  compensation  is 
analogous  to  that  by  which  the  fusee  regulates  and  gives 
uniform  power  to  the  main-spring  of  a  watch. 

METHOD  OF  USING  THE  INSTRUMENT. 

To  preserve  the  instrument  from  warping,  bending,  or 
other  injury,  it  is  embedded  in  a  solid  block  of  elm,  which 
can  be  screwed  or  clamped  to  any  carriage ;  the  swingle- 
tree  is  hooked  into  the  eye  of  the  draught-bar;  the  shafts 
or  pole  of  the  carriage  may  remain  in  their  ordinary 
position,  but  care  must  be  taken  that  no  part  of  the 
moving  power  is  communicated  to  the  carriage,  except 
through  the  agency  of  the  instrument     The  draught  of 
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a  carriage  over  any  portion  of  ground  is  ascertained  as 
follows :  — * 

One  assistant  walks  along  the  side  of  the  carriage,  and 
observes  the  weight,  or  force,  shown  by  the  index  on  the 
dial ;  at  every  step  he  calls  out  the  numbers,  which  another 
assistant  writes  down  in  a  book ;  these  numbers  are  then 
added  together,  and  the  sum  divided  by  the  number  of 
observations  that  have  been  made:  the  quotient  will  be 
the  mean  power,  or  draught,  required  to  draw  the  carriage 
over  that  portion  of  the  road.  Thus,  for  instance,  the  in- 
strument was  fixed  on  the  fore  carriage  of  a  common  four- 
wheeled  waggon,  and  two  horses  attached  to  it;  it  was 
then  drawn  over  the  pavement  in  PiccadiUy,  between  the 
Duke  of  Devonshire's  house  and  the  comer  of  Dover 
Street;  the  numbers  given  by  the  index  were,  50lbs^ 
45  lbs.,  50  lbs.,  50  lbs.,  55  lbs.,  50  lbs.,  45  lbs.,  40  lbs, 
45  lbs.,  45  lbs.,  50  lbs.,  45  lbs.,  50  lbs,  55  lbs. ;  the  sum  of 
these  is  670  lbs.,  which,  divided  by  14,  the  number  of 
observations,  gives  484  ^^^s-  for  the  mean  force  which  the 
horses  must  exert  to  draw  the  empty  waggon  over  that 
part  of  Piccadilly  pavement. 

As  the  street  in  that  part  rises  1  foot  in  1 56  feet,  it  is 
evident  that  the  draught  is  greater  than  if  the  street  was 
horizontal.  To  ascertain  what  it  would  be  if  it  was  hori- 
zontal, it  is  necessary  to  apply  a  correction  to  the  draught 
actually  shown  by  the  instruments. 

By  theory  we  know  that  the  power  required  to  retain  a 
carriage  on  an  inclined  plane  bears  the  same  proportion 
to  tlie  weight  of  tlie  carriage  and  its  load  tliat  the  height 
of  the  inclined  plane  bears  to  its  length ;  but  as  the  mean 
velocity  of  the  matter  in  the  wheels  of  a  carriage  is  dif- 

*  Since  this  was  written,  the  instrument  has  been  much  improved  by 
Mr.  Macndll :  it  is  now  mounted  in  a  light  phaeton,  and,  besides  marking 
the  draught  at  evcrj  ten  or  twenty  yards,  it  points  out  the  distance  run,  and 
the  rates  of  acclivity  or  declivity  on  every  part  of  the  road. 

8 


APPENDIX,    NO.  I.  331 

ferent  from  the  velocity  of  the  axis  up  the  inclined  plane, 
another  correction  would  be  necessary  to  get  the  motive 
power  up  the  plane ;  and  to  persons  not  acquainted  with 
the  subject,  the  final  result  might  appear  doubtfuL  To 
alleviate  every  objection  of  this  kind,  I  had  a  platform  of 
timber  erected,  over  which  the  same  waggon  that  was  used 
in  the  experiments  on  roads  was  drawn  at  different  rates 
of  inclination ;  and  the  power  required  to  draw  it  up  the 
inclined  plane,  with  a  uniform  velocity  of  two  miles  and  a 
half  per  hour,  in  each  case,  was  carefully  determined  by 
dead  weights  passing  over  pulleys*  By  this  means  the 
correction  for  several  rates  of  inclination  was  practicaUy 
ascertained  (without  having  recourse  to  theory  or  calcula- 
tion), and  the  table  of  correction  which  I  have  inserted 
was  formed  for  all  slopes  usuaUy  found  on  turnpike  roads. 

By  this  table,  the  correction  for  a  slope  of  1  in  156,  is 
found  to  be  15  lbs.;  hence  the  horizontal  draught  of  a 
waggon  over  the  paved  sur&ce  between  the  Duke  of 
Devonshire's  house  and  Dover  Street,  will  be  48^,  less  15  J, 
or  33  lbs. 

In  this  way  the  surface  of  the  whole  road  between 
London  and  Shrewsbuiy  has  been  tried,  the  results  of 
which  are  given  in  the  following  tables. 

OBSERVATIONS  ON  THE  USE  OF  THE  INSTRUMENT. 

A  road  with  a  smooth  and  uniform  surface,  which  is 
merely  preserved  in  that  state  by  raking,  appears  to  the 
generality  of  persons  who  travel  over  it  to  possess  all  the 
requisites  of  a  good  and  perfect  road,  as  such  persons  have 
no  means  of  judging  of  the  power  necessary  to  draw  car- 
riages over  it,  or  the  exertion  required  from  the  horses ; 
but  by  means  of  this  instrument  that  power  can  be  ascer- 
tained, and,  consequently,  the  comparative  merit  of  any 
line  of  road  can  be  determined  with  absolute  certainty. 
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and  the  experiments  made  with  the  instrument  will 
show  how  very  important  it  is  to  the  comitry  to  have 
the  public  roads  constructed  and  maintained  on  true 
principles. 

In  some  instances  metal  rails  are  laid  on  the  sides  of 
turnpike  roads,  with  the  same  undulations  and  rates  of 
inclination  as  the  road ;  yet  on  these  railroads  a  horse  will 
usually  perform  as  much  work  as  five  or  six  horses  will 
do  on  the  common  road.  This  great  difference  in  the 
useful  effect  of  horses  can  alone  be  attributed  to  the  friction 
of  the  road  surface  exceeding  that  of  the  metal  rails ;  for 
the  friction  of  the  axles  of  the  waggon  will  be  nearly 
similar,  and  the  resistance  of  gravity,  arising  from  the 
inclinations,  is,  in  this  case^  the  same ;  hence  the  supe- 
riority of  the  one  road  over  the  other  depends  entirely  on 
the  surface. 

The  greatest  resistance  which  a  horse  has  to  encounter^ 
when  in  draught  on  turnpike  roads,  arises  from  gravity, 
which  begins  to  act  the  moment  the  road  ceases  to  be 
horizontal ;  and  when  the  inclination  exceeds  one  in  thirty, 
which  it  often  does,  the  additional  power  required  is  very 
great,  as  may  be  seen  by  the  table  of  corrections ;  at  the 
same  time,  the  power  of  the  horses  is  from  the  same  cause 
much  diminished.  It  is,  therefore,  the  more  necessary  that 
the  surface  of  the  hills  should  be  hard,  solid,  and  com- 
posed of  such  materials  as  the  wheels  of  carriages  cannot 
penetrate. 

By  making  experiments  with  this  instrument  on  every 
part  of  a  turnpike  road,  both  in  summer  and  winter,  and 
forming  an  exact  table,  showing  the  resistance  of  the  sur- 
face, and  the  materials  with  which  it  is  repaired,  a  com- 
plete register  would  be  had  of  the  state  of  the  road ;  and 
any  improvement  or  fidling-off  in  the  general  management 
of  the  repairs  of  each  part  would  be  clearly  perceptible^  as 
al90  the  amount  of  such  improvement,  or  the  reverse. 
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Tbe  following  is  an  extract  from  the  Appendix  of  this 
Report,  containing  Mr.  MacneilPs  description  of  the  ex- 
periments referred  to :  — 


EXPLANATION  OF  TABLE,  NO.  3.* 

For  the  purpose  of  ascertaining  the  draught  up  different 
hills,  with  different  velocities,  the  instrument  was  attached 
to  a  common  stage  coach,  which  weighed  1 8  cwt.,  exclusive 
of  seven  passengers.  Stations  were  marked  out  on  dif- 
ferent parts  of  the  road,  of  which  the  inclinations  and  the 
lengths  were  accurately  determined,  and  the  time  of 
passing  over  each  was  ascertained  by  means  of  a  stop- 
watch. 

The  results  of  these  experiments  are  detailed  in  this 
table. 

The  first  column  contains  the  number  of  each  experi- 
ment ;  the  second,  the  rate  of  inclination  of  the  hiU ;  the 
third,  the  number  of  observations  made  on  each;  the 
fourth,  the  length  of  the  hill  or  inclined  plane^  in  feet; 
the  fifth,  the  number  of  seconds  in  which  the  carriage  was 
drawn  up  the  hill ;  the  sixth,  the  corresponding  velocity  in 
feet  per  second;  the  seventh,  the  velocity  in  miles  per 
hour,  calculated  to  the  nearest  quarter;  and  the  eighth 
column  contains  the  corresponding  draughts,  or  force 
applied,  in  pounds. 

Thus,  in  the  first  line  of  the  first  experiment,  where  the 
inclination  of  the  hill  was  one  in  fifteen  and  a  half,  and 
the  velocity  three  miles  and  a  half  per  hour,  the  draught 
was  271  lbs.;  and  when  the  velocity  was  increased  to 
twelve  miles  per  hour,  as  shown  in  the  fourth  line  of  the 


*  Table  No.  1.  contains  a  detailed  account  of  the  experiments  made  on  the 
Holyhead  Road,  and  Table  No.  2.  the  corrections  for  gravity  according  to 
the  inclinations  of  the  road. 
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same  experiment,   the   draught  was  also  increased^4rom 
271  to  325  lbs. 

The  part  of  the  roads  elected  for  these  trials  was  of  an 
uniform  surface,  the  resistance  of  which  was  previously- 
ascertained  by  drawing  a  waggon  over  it,  to  be  an  average 
between  the  worst  and  most  improved  parts  of  the  Holy- 
head road;  and  although  the  velocities  are  not  so  varied, 
or  so  high  as  might  be  wished,  yet  several  conclusions  may 
be  drawn  from  these  experiments,  of  considerable  import- 
ance in  road  engineering ;  one  of  which  is,  that  the  draught 
of  a  stage  coach  on  a  common  turnpike  road  increases  in  a 
less  ratio  than  the  velocity  increases,  and  not  as  the  square 
of  the  velocity,  which  many  persons  have  supposed,  as  is 
found  to  be  the  case  in  the  steam  carriage  on  a  rail-road. 
From  this  it  appears,  that  the  resistance,  arising  from 
friction,  of  a  steam  carriage  on  a  rail-road,  and  the  resist- 
ance of  a  stage  coach  on  a  good  turnpike  road,  are  governed 
by  the  same  laws  of  motion;  and  that  whatever  advantage 
may  be  gained  by  a  quick  transport  of  passengers,  by 
means  of  a  steam  coach  on  the  former,  may  also,  probably, 
be  attained  by  the  same  means  on  a  well-made  turnpike 
road 
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211 

218 

10 

One  in  S04. 

15 

12 
9 
6 

300 

58 
52 
30 
23 

52 
5'8 
lO'O 
130 

4 
6J 
9 

161 
17+ 
187 
210 

11 

One  in  3S. 

38 
15 
17 
15 

711 

129 
90 
80 
55 

5'8 
7-9 
8-9 
129 

4 
51 
6 

H 

153 

175 
182 
198 

12 

One  in  3+1. 
P&tc  hesofnewBtone, 
not  worked  in  or 
CDosoiidated. 

30 
11 
10 
13 

534 

95 
65 

55 
+3 

5'6 
8-2 
9-7 
12  + 

3 
5 
ei 

8 

186 
196 
200 
214 

13 

One  in  38§. 
surface  quartz  stone. 

19 
18 
13 
10 

384 

68 
65 
41 
30 

5-6 
5'9 
9'4 
12-8 

Si 
1 

146 
ISO 
167 
170 

1+ 

One  in  39. 
No  sub-pavement, 
nine  inches  of  lime- 
stone. 

16 
17 
16 
13 

54S 

8+ 
80 
63 
60 

6-5 
6'8 
8-6 
O'l 

1 

180 
183 
212 
21s 
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Table  III. — continued^ 


■sl 

■sl 

1 

1 
1 

1 

1 

1  ^ 

h 

5 

1 

2 

3 

4 

5 

6 

7 

s 

15 

One  in  57. 
No  sub -pavement, 
quartz  stone  surface. 

21 
12 
13 
10 

552 

97" 
85 
66 
39 

5'7 
6  5 
8'3 
14'i 

3t 

♦J 

H 

150 
153 
160 

168 

16 

One  in  63i. 

No  sub -pavement, 

six  inches  of'iime- 

Btone. 

21 
24 
13 
13 

525 

89 
88 

47 
41 

5-9 

6'0 
11-3 
12-8 

4 

'4 

147 
147 

182 
202 

17 

One  in  118. 

18 

2ii 

11 

17 

603 

107 
91 
60 
50 

5-6 
6'6 

10-0 
12-1 

31 
81 

134 
140 
146 

153 

18 

Oneiti  137i 

35 
18 
18 
IS 

741 

!22 
95 

75 
62 

6-1 
7-8 

9'a 

12-0 

133 
136 
140 
150 

19 

One  in  156  rise. 

44 
25 
20 
22 

861 

161 
130 

85 
61 

5'4 
66 
iO'i 

14-1 

3} 

7 

128 
133 
139 

145 

SO 

One  in  156  fall. 

41 
15 
13 
16 

861 

205 
84 

57 
54 

+  ■2 
102 
15-1 

IS'9 

2 
7 
lOi 

It* 

82 
95 
100 

105 

21 

One  in  245  rise. 

28 
16 
15 

12 

648 

105 
70 
48 
45 

6-2 
9-2 
13-5 

14.-4 

125 
128 
131 
138 
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1 

.a 

.S 

^1 
ft 

ft 

h 
tl 

^ 

^ 

1 

2 

« 

4 

5 

6 

7 

8 

39 

1I+' 

5'7 

4 

96 

22 

One  in  S45  fall. 

95 

64« 

103 

7."; 

8-fi 

100 

107 

11 

47 

13-8 

9i 

117 

42 

108 

!r2 

^ 

112 

23 

One  in  600  rise. 

26 
20 

993 

103 

72 

a'7 

13-8 

8* 

114 

122 

23 

65 

15-3 

104 

130 

177 

56 

3 

100 

2+ 

One  in  600  fall. 

993 

i47 
100 

«-8 
100 

* 

110 
ll.'J 

y* 

15-5  'l04 

127 

If  we  suppose  the  power  which  a  horse  usually  exerts 
in  mail  and  &st  stage  coaches  to  be  equivalent  to  a  constant 
pull  of  37  lbs."  over  ten  miles  in  a  day,  with  a  velocity  of 
ten  miles  on  hour,  the  effect  will  be  equal  to  651,200  lbs. ; 
for  1760  X  10  =  17,600  yards  in  10  miles,  and  this  sum 
multiplied  by  37  lbs.  equals  651,200  lbs.  drawn  over  one 
yard  in  the  day ;  which  number  may  be  taken  as  a  standard 

*  Thi*  n  the  paver  aaugned  b;  Mr.  Trtdfcold,  in  hit  vork  on  Railiraji, 
■*  tbat  which  I  bone  ihould  eiert  working  with  ■  Tclocilj  of  tea  milei  an 
hour,  which,  though  (ufficieatly  correct,  u  in  the  preient  initance^  for  a 
mcBBire  of  eompiriton.  ihouM  not  be  eooiidcrtd  4>  ■  fiicd  Muidard  of  the 
power  of  ■  horn  working  U  the  Telocit;  of  ten  miln  an  hour,  t>  the  fonnuU 
which  Mr.  Tredgold  bu  ined  appcen  Xa  be  founded  do  a  limited  number  of 
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for  horse  power   in   comparing  one  line  of  road  with 
another. 

If,  on  this  principle,  we  know  the  average  draught  over 
any  line  of  road,  and  the  length  of  that  road  in  yards,  we 
at  once  know  the  horse  power  to  which  it  is  equivalent, 
and,  consequently,  can  compare  it  with  any  other  line. 

Thus,  the  average  draught  on  the  old  road  between 
Bamet  and  South  Mims,  multiplied  by  the  length  of  that 
road  in  yards,  is  equal  to  165,320;  by  the  new  line,  the 
average  draught  multiplied  by  its  length  in  yards  is 
139,028*  ;  the  difference  between  this  and  the  old  road 
is  26,  292,  which,  divided  by  651,200,  the  power  of  one 
horse,  gives  "04  part  of  a  horse  power;  this  multiplied  by 
500,  the  number  of  horses  travelling  over  the  road  each 
day,  and  supposing  each  horse  to  be  worth  five  shillings 
per  day,  the  saving  by  making  the  new  road  will  amount 
to  5L  per  day,  or  to  1,800/.  annually. 

The  result  derived  from  this  calculation  depends  not  on 
any  theory  or  abstruse  calculation;  it  is  a  matter  of  foct^ 
and  cannot  be  disputed;  and  is,  perhaps,  one  of  the  most 
useful  practical  applications  of  the  Road  Instrument; 
for  without  it  the  most  refined  and  difficult  application  of 
algebra  to  the  plans  and  sections  of  the  above  roads  would 
only  give  an  approximate  value,  as  the  state  of  the  surface 
could  not  be  brought  into  the  calculation,  except  by  guess^ 
and  this  would  be  little  better  than  judging  by  the  sections, 
as  heretofore  practised,  without  any  decided  or  fixed 
principle. 

*^See  the  annexed  UUe  of  the  actual  draught  on  every  twenty  yards  of 
this  road. 
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Description  of  Mr,  MacneiWs  new  Instrument. 

The  instrument  above  described  having  been  purchased 
by  the  Prussian  government,  Mr.  Macneill  laid  before  the 
Commissioners  of  Her  Majesty's  Woods  and  Forests  a  de- 
sign for  another,  on  an  improved  construction,  which  has 
been  recendy  completed  for  them.  Tlie  essential  differ- 
ence between  this  instrument  and  the  former,  consists  in 
the  self-registration  of  the  effect  of  every  pull  or  exertion 
that  the  horse  may  make  in  drawing  the  carriage,  which 
renders  it  necessary  to  have  an  assistant  to  mark  down  the 
indications  of  the  hand  of  the  dynamometer,  which  was 
liable  to  several  objections;  for  instance,  it  required  some 
practice  to  be  able  to  observe  accurately  the  exact  divisions 
marked  by  the  hand,  and  to  write  them  down  with  clear- 
ness and  expedition;  also  it  required  that  the  observations 
should  be  made  at  equal  intervals  of  time,  as,  for  example, 
five  or  ten  seconds,  otherwise  the  mean  power  deduced 
from  them  would  be  incorrect.  Inattention,  therefore,  on 
the  part  of  the  observer,  was  likely  to  produce  an  error  in 
die  result;  and  in  any  case  it  was  difficult  to  observe  and 
write  down  a  series  of,  observations  taken  at  intervals  of 
ten  seconds,  which  should  run  on  for  four  or  five  con- 
secutive hours. 

The  new  instrument,  like  the  former,  has  a  dial  with  an 
index,  which  shows  the  amount  of  power  exerted  at  every 
step  of  the  horse,  the  vibrations  of  the  index  being  checked 
by  means  of  a  piston  working  in  a  cylinder  of  oil.  But 
for  the  purpose  of  registering  the  pulls,  and  marking  the 
power  exerted  by  a  horse  at  every  part  of  the  road,  a  long 
narrow  sheet  of  paper  is  drawn,  by  means  of  cyhnders, 
■over  a  convex  metallic  surface  or  tablet,  with  a  velocity 
proportioned  to  the  speed  of  the  carriage.  The  length  of 
paji^er  cp.rried  over  the  tablet  is  about  two  feet  per  mile  of 
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the  road  passed  over  by  the  wheels  of  the  instrument. 
While  the  paper  is  thus  drawn  over  the  tablet,  a  pencil  or 
metallic  point,  which  is  over  the  middle  of  the  tablet,  tra- 
verses the  paper  at  right  angles  to  the  longitudinal  motion. 
This  point  moves  by  the  action  of  the  horse,  which  pull9 
out  the  bar  that  acts  against  the  spring  of  the  dynamo-' 
meter ;  but  the  direction  of  the  motion  of  this  bar  being 
parallel  to  that  of  the  paper,  it  is  changed,  by  means  of  a 
system  of  wheels,  into  a  direction  at  right  angles  to  it,  and 
also  the  pencil  is  thus  carried  across  or  at  right  angles  ta 
the  line  of  direction  of  the  bar. 

The  velocity  or  space  passed  over  by  the  point  is,  by 
means  of  the  same  wheels,  increased  in  the  ratio  of  one  to 
two  nearly ;  thus,  if  the  bar  of  the  dynamometer  be  pulled 
out  one  inch,  the  point  will  be  carried  across  the  paper 
nearly  two  inches.  Even  the  slightest  pull  on  the  spring  is 
thus  magnified  and  marked  on  the  paper  by  the  point. 

The  paper  is  ruled  into  faint  blue  parallel  lines  through- 
out its  whole  length ;  the  intervals  represent  ten,  twenty, 
thirty,  forty  lbs.,  &c.,  up  to  600  lbs. ;  so  that  if  the 
spring  be  acted  upon  by  a  power  —  say  ten  lbs.,  the  point 
will  be  carried  over  the  first  interval,  or  to  the  line  mark- 
ing ten  lbs ;  if  equal  to  twenty  or  thirty  lbs.,  the  point 
will  be  carried  to  the  lines  marking  twenty  or  thirty  lbs. 
respectively.  These  lines  will  not  be  at  equal  distances 
from  each  other;  for,  as  the  power  exerted  upon  the 
spring  increases,  the  increments  of  that  power  will  not  be 
proportional  to  those  of  the  space  passed  over  by  the  bar 
and  point ;  if  the  former  be  equal,  the  latter  will  diminish 
progressively,  according  to  the  form  and  strength  of  the 
spring ;  and  therefore  the  distance  between  the  lines  must 
diminish  in  a  certain  ratio  as  the  power  increases.  This 
ratio  may  be  calculated,  but,  considering  that  the  friction 
of  all  the  moving  parts  must  be  taken  into  account,  the 
simplest  and  perhaps  most  accurate  method  is  ta  deter* 
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mine  by  actual  experiment  the  spaces  passed  over  by  the 
point  for  every  successive  addition  of  weight  or  power 
applied  to  the  bar  of  the  dynamometer. 

Besides  registration  of  every  pull  exerted  by  the  horse, 
the  instrument  also  registers  the  levels  and  diversities 
of  the  road  it  passes  over;  this  is  effected  by  means  of 
a  heavy  weight  acting  as  a  pendulum,  the  vibrations  of 
which  are  checked  by  a  piston  working  in  a  cylinder  of 
oil,  and  forcing  the  fluid  through  the  orifice  of  a  tube  on 
the  outside  of  the  cylinder  which  can  be  enlarged  or  con- 
tracted, so  as  to  regulate  the  motion  with  great  exactness, 
according  to  the  nature  of  the  surface  passed  over  by  the 
carriage ;  an  even  and  smooth  surface  requiring  a  large 
passage  for  the  oil,  a  rough  surface,  a  contracted  one. 
As  the  pendulum  always  hangs  vertically,  a  rod  connected 
with  it  will  move  backwards  or  forwards,  according  as  the 
instrument  ascends  or  descends ;  this  motion  of  the  rod 
being  in  the  same  direction,  or  parallel  to  that  of  the 
paper,  it  is  changed,  in  the  same  manner  as  that  of  the 
pull,  into  one  at  right  angles  to  it ;  and  by  this  means  a 
point  is  carried  transversely  across  the  paper,  in  precisely 
the  same  manner  as  the  point  which  marks  the  pull.  If 
the  road  be  horizontal,  the  line  described  by  the  point 
will  coincide  with  the  zero  line.  If  the  road  ascend,  the 
bar  is  moved  proportionally  out,  and  consequendy  the 
point  is  carried  to  a  certain  distance  from  the  zero  or 
horizontal  line,  and  will  mark  on  the  paper  another  line 
parallel  to  the  zero  line,  so  long  as  the  acclivity  continues 
the  same;  if  that  increases,  the  distance  of  tlie  point  from 
the  zero  line  will  also  increase.  Should  tlie  road  descend, 
then  the  point  will  pass  to  the  opposite  side  of  the  zero 
line^  and  by  its  distance  from  that  line  will  show  the  de- 
clivity. The  lines  which  mark  the  rates  of  clivity  should  be 
determined  by  experiment,  as  in  the  case  of  the  tractive 
power;  and  this  should  be  done  every  time  the  instni* 
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ment  is  used,  if  the  persons  or  load  carried  be  differentf 
or  differently  distributed. 

In  addition,  there  are  also  three  dials,  for  r^^tering  the 
distance  passed  over.  There  is  also  a  lever,  by  moving 
which  a  pin  is  forced  into  the  paper,  to  enable  the  observer 
to  mark  the  commencement  or  termination  of  any  given 
distance,  or  the  situation  of  any  remarkable  object  on  the 
road  that  he  may  wish  to  roister.  By  means  of  another 
lever,  the  cylinders  giving  motion  to  the  paper  are  thrown 
out  of  gear,  and  the  instrument  can  travel  without  moving 
the  paper.  A  very  beautiful  contrivance^  designed  by 
Mr.  Renton,  disengages  the  paper  the  moment  each  sheet 
is  completed,  without  any  attention  on  the  part  of  the 
observer. 

There  are  several  other  arrangements  in  the  instru- 
ment different  from  the  first  one;  but  without  a  drawing 
it  would  be  impossible  to  describe  them  to  a  general 
reader. 
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REPORT   RESPECTING    THE    STREET    PAVEMENTS,  ETC.  OF  THE 
PARISH  OF  ST.  GEORGE,  HANOVER  SQUARE. 

1.  PRESENT  STATE. 

In  consequence  of  an  application  to  me  by  the  Pavement 
Committee  of  the  inhabitants  of  this  extensive  parish,  I 
examined  the  present  state  of  the  carriage-way  and  foot- 
path pavements,  and  endeavoured  to  learn  the  various  cir- 
cumstances connected  therewith ;  I  also  made  observations 
on  the  nature  of  the  bottoming  and  shape  of  the  stones. 

The  notorious  imperfection  of  the  carriage-way  pave- 
ment having  been  the  cause  of  this  Report,  it  is  needless 
to  state  that  the  surface  is  generally  very  uneven,  and  not 
unfrequently  sunk  into  holes,  so  as  to  render  it  not  only 
incommodious  but  dangerous  to  horses  and  wheel  carriages. 

The  causes  of  this  imperfection  are  various,  and  of  an 
extensive  and  serious  nature. 

Tlie  stones,  though  generally  of  a  tolerably  good  quality, 
are  so  irregular  in  their  shape,  that  even  their  surfaces  do 
not  fit;  they  almost  universally  leave  wide  joints,  and, 
instead  of  these  joints  being  dressed  square  down  from  the 
surface,  that  is,  at  right  angles  with  the  face,  they  more 
frequently  come  only  in  contact  near  the  upper  edges,  and, 
by  tapering  downward,  in  a  wedge-like  form,  have  their 
lower  ends  very  narrow  and  irregular,  leaving  scarcely 
any  flat  base  to  bear  weight. 

This  form  also  unavoidably  leaves  a  great  portion  of 
space  between  the  stones,  which  the  workman  fill  with 
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loose  mould  or  other  soft  matter  of  which  the  bed  or  sub- 
soil is  composed. 

Another  great  defect  is  caused  by  inattention  to  select- 
ing and  arranging  the  size  of  stones;  they  are  but  too 
commonly  so  mixed,  that  large  and  small  surfaces  are 
placed  alongside  of  each  other,  and,  acting  unequally  in 
support  of  pressure,  create  a  continual  jolting  in  wheel 
carriages,  which,  adding  percussion  to  weight,  is  a  power- 
ful and  destructive  agent 

I  must  add  to  these  defects  another  of  an  equally  serious 
nature,  that  is,  the  imperfection  of  the  bed  on  which  the 
stones  are  placed. 

This  bed  has,  hitherto,  but  too  generally  been  formed 
of  very  loose  matter,  easily  convertible  into  mud;  and 
this  matter,  instead  of  being  compressed  by  artificial 
means,  has  unavoidably  been  loosened  by  a  sharp-pointed 
instrument,  to  suit  the  irregular  depth  and  narrow  bot- 
toms, and  to  fill  the  chasms  between  the  joints  of  the 
paving-stones.  From  the  width  and  irregularity  of  the 
joints,  water  easily  sinks  into,  and  converts  the  before- 
mentioned  soft  matter  into  mud,  which,  by  the  continual 
and  violent  action  of  carriage-wheels,  is  worked  upon  the 
surface,  and  leaves  the  stones  unsupported. 

This  operation  must  be  very  evident  to  every  person 
who  reflects  upon  the  sudden  accumulation  of  mud  upon 
the  surface  of  the  carriage-way  pavement  after  a  light 
rain,  &c.,  or  a  continuance  of  soft  weather. 

This  accumulation  of  the  before-mentioned  defects  has, 
by  degrees,  arisen  from  carrying  (perhaps  well  intentioned) 
economy  to  much  too  great  an  extent,  and  which  has  been 
accomplished  by  the  easiest  of  all  means,  that  is,  promoting 
too  indiscriminate  a  competition,  and  thereby  reducing  the 
price  so  unreasonably  low,  as  to  oblige  contractors  to  pro- 
cure inferior  materials,  and  prevent  them  from  bestow- 
ing the  necessary  portion  of  labour  upon  dressing  and 
setting  them. 
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There  is  a  defect  also  respecting  the  management  of 
contracts,  in  so  far  as  to  proceed  by  the  abnost  unavoid- 
able, and  hitherto  unchecked,  mode  of  performing  the  work 
by  the  square  yard  of  certain  depths  (say  nine  inches). 
Now,  as  I  understand  that  the  paying-stones  are  .usually 
purchased  by  the  contractors  by  weight,  the  more  imper- 
fect the  shape  is,  the  more  profit  he  will  have  upon  the 
superficial  yard,  which  unavoidably  must  consist  of  a  very 
considerable  portion  of  loamy  material,  which  is  soon 
converted  into  mud. 

The  mode  of  repairing  the  carriage-way,  if  I  am  rightly 
informed,  is  equally  imperfect,  and  has,  no  doubt,  in  a  con- 
siderable degree,  also  arisen  firom  the  gradual  introduction 
of  low  priees  for  repairing  with  old  stones,  by  the  square 
yard,  however  frequently  repeated.  This  naturally  pro- 
duces hasty  and  imperfect  workmanship. 

The  streets  have  likewise,  of  late  years,  been  greatly 
disturbed  by  the  laying  down  and  repairing  of  water- 
pipes,  &C.  &c. 

2.   PROPOSED     MODES     OF     CONSTRUCTIKG     MORE     PERFECT 

STREET  CARRIAOE-WAYS. 

The  foregoing  statement  renders  it  sufficiently  evident 
that  the  carriage-way  pavements  of  the  metropolis  have 
reached  a  degree  of  imperfection  which  urgently  demands 
reformation. 

The  defects  having,  however,  been  fairly  stated,  will 
assist  us  in  discovering  the  best  means  of  remedying  thenu 

The  result  of  the  foregoing  investigation  undeniably  is, 
that  the  sur&ce  of  the  carriage-ways  of  the  streets  is  gene- 
rally very  uneven,  not  unfrequently  dangerously  rugged, 
and  in  constant  need  of  repairs,  and  these  combined 
circumstances  have  created  strong  prejudices  against 
pavements. 

Sundrf  modes  have  been  proposed  to  get  rid  of  these 
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very  general  and  well-founded  complaints,  which  I  shall 
now  proceed  to  discuss. 

One  of  the  boldest  of  these  projects  has  not  only  been 
proposed,  but  actually,  to  a  certain  extent,  put  in  practice 
by  making  a  total  change  from  a  pavement  surface  to  that 
of  small  broken  stones.  This  radical  change  appearing  to 
me  to  require  all  the  judgment  and  experience  which  can 
be  brought  to  bear  upon  it,  I  have  not  only  exerted  myself 
personally  to  acquire  information,  but  have  submitted  the 
subject  to  repeated  discussions  at  sittings  of  the  Civil 
Engineers'  Institution,  when  numerously  attended  by  many 
of  the  ablest  and  most  experienced  engineers  and  survey- 
ors, not  only  of  the  metropolis,  but  of  various  parts  of  the 
kingdom. 

The  result  of  these  able  and  very  candid  discussions 
was,  an  unanimous  resolution  that  whin  or  granite  pave- 
ment, of  proper  form  and  depth,  laid  on  a  sound  bottom, 
is  preferable  to  any  other  mode  for  carriage-ways  for  the 
metropolis  and  other  large  cities,  in  order  to  form  a  body 
of  strength  adequate  to  bear  the  pressure  and  shocks  of 
innumerable  carriages,  many  of  them  conveying  several 
tons. 

The  chief  objections  advanced  to  small  broken  stone 
were  as  follows: — that  they  cannot  resist  the  pressure 
caused  by  a  very  great  intercourse,  being  liable  to  be 
thereby  crushed  and  ground  into  dust,  easily  converted 
into  mud;  that  this  hasty  and  continual  destruction  and 
renewal  would,  in  a  great  city,  prove  intolerably  trouble- 
some and  expensive,  while  the  dust  in  dry  weather,  and 
the  mud  in  wet,  would  greatly  incommode  the  intercourse 
in  the  steets,  also  private  dwellings  and  public  shops. 
Cases  we^  instanced  where  absolute  nuisances  had  been 
created  by  employing  broken  stones ;  and  that  it  was  well 
known  that,  in  some  large  cities,  the  want  of  pavements 
led  to  accumulations  of  filth,  very  injurious  to  the  health 
of  the  inhabitants.    It  was  observed,  as  a  constant  and 
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abundant  supply  of  broken  stones  would  be  required  for 
repairs  always  hastily  performed  while  the  streets  were 
empty,  that  receptacles,  such  as  made  in  country  roads, 
would  not  readily  be  found  in  London,  where  space  is  so 
valuable  and  so  fully  occupied.  And  it  was  further  obser- 
ved, that  a  surface  of  broken  stones  frequently  covered 
with  dust  and  mud  was  more  injurious  to  the  feet  of  horses 
tlian  a  properly  constructed  pavement,  which  is  also  much 
easier  for  their  labour.  And,  lastly,  that  the  expense  of 
making  and  maintaining  a  street  carriage-way  with  broken 
stones,  including  the  constant  labour  and  carting  away 
scrapings  to  different  depositaries,  would  be  at  least  fifty 
per  cent,  more  than  by  a  proper  pavement. 

Iliese  observations  corresponding  with  my  own  sen- 
timents and  experience,  I  am  led  to  recommend  pavement 
in  preference  to  broken  stones  for  the  carriage-way  of  the 
streets  in  St.  George's  parish. 

3.   OF  THE  BEST  MODE  OF  CONSTRUCTING  PAVEMENTS. 

To  obtain  a  smooth  and  durable  pavement  surface,  the 
following  essential  matters  must  be  attended  to :  — 

1st.  The  bed,  or  bottoming  upon  which  the  stones  are 
to  be  placed. 

2dly.  The  quality,  size,  and  shape  of  the  stones. 

3dly.  The  mode  of  contract  for  constructing  and  keeping 
the  pavement  in  a  state  of  repair. 

1.  Bottoming, 

After  the  space  between  the  foot  pavements  has  been 
brought  into  a  form,  consisting  of  a  very  slight  curve  in 
the  cross  section,  every  devisable  means  should  be  resort- 
ed to  in  order  to  render  it  compact  and  solid.  Where 
practicable,  it  will  be  advisable  to  liave  wheel  carriages  to 
run  for  some  time  over  it,  or,  occasionally,  water ;  or  to 
use  the  roller  and  stamper.     These  operations  performed. 
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it  is  necessary  to  cover  the  whole  surface  with  a  stratum, 
or  layer,  of  some  sort  of  substance,  which  will  effectually 
cut  off  all  connection  between  the  subsoil  and  bottom  of 
the  paving-stones.  Tins  must .  itself  be  indissoluble  in 
water,  and  prevent  any  of  the  substratum  from  rising  in 
the  shape  of  mud.  Where  stone  can  be  cheaply  procured, 
a  bed  of  it,  broken  very  small,  would  perfectly  answer  the 
purpose;  and  hence  it  has  been  observed,  that  the  present 
broken  stone  experiments,  in  certain  streets,  will  not  be 
an  entire  loss,  because  they  will,  at  all  rates,  constitute  a 
good  bed  for  a  proper  pavement.  But,  as  relates  to  the 
metropolis  generally,  I  am  persuaded  that  a  bed  of  cleansed 
river  ballast,  about  six  inches  in  thickn^  upon  an  average, 
will  be  found  to  answer  the  purpose^  and  is  to  be  obtained 
at  a  comparatively  moderate  expense.*  This  should  also 
be  rendered  compact  and  solid ;  it  might  be  travelled  upon 
for  some  time  without  inconveniency,  particularly  in  sum- 
mer, being  the  season  when  paving  is  usually  performed. 

2.  Quality^  Sizcy  and  Shape  of  Stones. 

The  qualities  of  the  granites  hitherto  used  are  not  so 
materially  di£Perent  as  to  require  much  discussion ;  but  as 
there  are  differences  in  stones  from  all  quarters,  the  judg- 
ment of  the  surveyor,  who  has  charge  of  the  works,  and  is 
supposed  qualified,  ought  to  be  constantly  exercised  to 
ensure  a  due  fulfilment  of  the  contract  in  regard  to  the 
materials.  I  have  understood  that  by  former  and  recent 
experiments,  the  Ghuemsey  stone  is  of  great  compactness 
and  durability.  This  deserves  attention  and  a  fair  and 
impartial  triaL  The  only  objection  I  foresee,  is  in  its 
disposition  to  smoothness  of  sur&ce. 

*  On  reconsidering  this  subject,  I  am  of  opinion  that  this  quahtity  of 
bRlUst  will  not  make  a  sufficiently  strong  bottoming,  and  that  nothing  short 
of  twelve  inches  of  broken  stone%  put  on  in  layers  of  four  inches  each,  and 
then  completely  consolidated  by  carriages  passing  over  them,  will  answer  the 
purpose. — T.  Tblpokd,  My  18»  ISSS. 

A  A 
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With  regard  to  size,  it  ought  to  be  regulated,  in  some 
measure,  by  the  nature  and  quantity  of  the  intercourse 
through  the  several  streets:  they  may  be  conveniendy 
divided  into  three  classes.  For  streets  of  the  first  class, 
or  greatest  thoroughfare,  the  stones  should  be  not  less 
than  ten  inches  in  depth,  from  eleven  to  thirteen  inches  in 
length,  and  from  six  to  seven  inches  and  a  half  in  breadth 
on  the  face. 

For  the  streets  of  the  second  class,  the  stones  should 
not  be  less  than  nine  inches  in  depth,  from  nine  to  twelve 
inches  in  length,  and  five  to  seven  inches  in  breadth  on 
the  face. 

For  the  streets  of  the  third  class,  the  stones  to  be  not 
less  than  seven  to  eight  inches  in  depth,  from  seven  to 
eleven  inches  in  length,  and  four  and  a  half  to  six  inches 
in  breadth  on  the  face.  Crossings  ten  to  twelve  inches  in 
length,  seven  to  eight  inches  in  breadth;  the  depth  to  be 
according  to  the  classes. 

All  these  stones  to  be  worked  flat  on  the  face,  and 
straight  and  square  on  all  the  sides,  so  as  to  joint  close, 
and  preserve  the  bed  or  base,  as  nearly  as  practicable,  of 
an  equal  size  to  the  face ;  and  stones  of  equal  breadth  on 
the  face,  must  be  carefully  placed  adjacent  to  one  another. 
The  inferior  streets,  mews,  and  passages  may  be  paved 
with  the  inferior  stones  from  the  other  three  classes,  and 
those  stones  unfit  for  any  pavement  may  be  usefully  em- 
ployed by  being  broken  small,  as  bottoming  for  the  pave- 
ment of  the  first  class  of  streets. 

With  regard  to  the  shape  of  the  stones,  those  modes  I 
have  hitherto  been  considering  have  been  supposed  rect- 
angular, with  joints  made  exactly  to  fit  close  to  each  other, 
and  which,  if  perfectly  executed,  taking  into  consideration 
all  the  angles,  the  strongest  possible,  and  also  the  most 
simple,  whether  we  regard  the  preparation  in  quanying 
and  dressing,  or  the  practical  operations  on  the  streets-* 
right  angles  admitting  of  a  variety  of  size,  but  always 
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fitting,  however  applied,  and,  of  course,  under  all  these 
circumstances,  the  cheapest 

3.  Modes  qfCantractf  §*c. 

In  constructing  new  pavements  by  the  present  practice^ 
I  have  already  stated,  that  it  is  the  interest  of  the  con- 
tractor to  work  with  stones  of  a  defective  shape.  The 
making  the  superficial  yard  of  &ce-work  must,  I  conceive, 
still  be  continued  as  the  rule;  but,  along  with  that,  weight 
ought  certainly  to  be  combined,  as  a  proof  that  the  quan- 
tity of  stone  intended  is  redly  obtained;  the  shape  of  the 
stones  must  be  accurately  defined  in  a  specification,  and, 
above  ally  the  surveyor  or  inspector  must,  by  unremitting 
attention,  see  that  every  part  of  the  contract  is  fully  and 
faithfully  performed.  A  further  security  for  the  perfection 
of  the  work  would  be  obtained  by  making  it  a  part  of  the 
agreement,  that  the  contractor  should  keep  the  work  in  a 
perfect  state  of  repair,  at  a  given  rate  per  yard,  for  a 
certain  number  of  years;  the  necessary  repairs  to  be  firom 
time  to  time  pointed  out  by  the  surveyor,  under  the  direc- 
tion of  the  Committee. 

In  repairing  the  streets,  as  far  as  regards  the  stones  now 
in  use^  although  these  stones  are^  undeniably,  very  imper- 
fect, yet  the  quantiQr  and  value  being  so  great,  no  project 
for  rashly  disposing  of  them  is  admissible ;  but  a  thorough 
improvement  may  be  gradually  accomplished  in  the  fol- 
lowing manner :  — 

The  streets  to  be  divided  into  three  di£Perent  classes. 
For  the  first,  and  most  important,  perhaps  very  few  of  the 
present  stones  are  suitable;  if  there  should  be  any,  they 
may  be  reworked  and  replaced,  and  new  stones  of  a  proper 
shape  (of  course)  provided  for  the  rest  of  the  street.  The 
stones  rejected  from  the  first  class  should  be  carefully 
sorted  and  reworked,  for  the  repairs  of  such  of  the 
other  classes  as  they  are  fit  for,  taking  care  that  the 
stones,  in  all  cases,  are  worked   into  proper  forms,  as 
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regards  the  joints  and  bottoms;  that  tlie  bottoming  or 
bed  lias  been  formed  of  proper  materials,  not  convertible 
into  mud  by  the  water  running  down  the  joints,  and  that 
the  stones,  as  to  sizes,  have  been  judiciously  arranged. 

It  is  now,  I  understand,  the  mode  to  repair  by  the  yard 
superficial,  in  partial  spaces  pointed  out  by  the  surveyor, 
at  a  price  per  yard  for  each  time.  The  contractor,  there- 
fore, has  no  inducement  to  have  the  operation  performed 
in  a  complete  and  substantial  manner;  but,  on  the  con- 
trary, it  is  his  interest  to  have  a  great  quantity  done  by  his 
workmen  in  a  short  time,  because,  the  more  frequently  it 
fails,  the  more  demand  there  is  for  his  services.  I  do  not 
by  this  insinuate  unfair  practices  against  any  individual 
contractor,  but  the  practice  is  undeniable. 

To  correct  this  apparent  evil,  it  seems  advisable  to  let  a 
whole  street,  or  certain  number  of  streets,  for  a  certain 
time,  at  a  fixed  price  per  yard;  the  necessary  repairs  to  be 
pointed  out  by  the  surveyor,  under  the  direction  of  tlie 
Committee. 

From  what  I  have  here  stated,  it  must  be  quite  evident 
that,  to  acqu'  a  necessary  degree  of  perfection,  the  most 
unremitting  £i  d  strict  attention,  on  the  part  of  the  sur- 
veyor, is  absolutely  necessary;  and  that  St  George's 
extensive  parish  is  quite  suflScient  to  employ  the  whole 
time  of  the  most  active  and  persevering  man.  He  ought 
to  have  no  other  object,  and  his  remuneration  should  be 
suflScient  to  attach  him  to  his  duty. 

But  even  his  most  judicious  and  faithful  exertions  will 
be  unavailing,  unless  a  price  is  allowed  equal  to  the  fair 
value  of  the  materials  and  workmanship,  and  a  reasonable 
profit  to  the  contractor,  as  I  cannot  help  again  stating, 
that  the  injudicious  practice,  which  has  of  late  years  very 
generally  prevailed,  of  reducing  prices  too  low,  has  led  to 
the  imperfect  condition  the  street  pavements  are  now  in, 
and  which,  in  works  of  this  nature,  is  a  very  mistaken 
economy ;  for  of  all  things,  streets  of  great  thoroughfiu^ 
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should  not  only  be,  commodious,  but  very  seldom  inter- 
rupted. 

A  very  perfectly  constructed  pavement  might,  I  am 
convinced,  combine  smoothness,  durability,  and,  in  the 
course  of  a  few  years,  true  economy. 

WATER-PIPES. 

Formerly,  when  the  main  pipes  consisted  of  wood,  the 
rapid  decay,  and  consequently  frequent  repairs,  created  a 
constant  interference  with,  and  very  considerable  injury  to, 
the  pavements ;  but  since  the  introduction  of  iron  pipes, 
these  inconveniences  have  been  greatly  lessened,  as  expe- 
rience has  proved  that  very  few  repairs  are  found  neces^ 
sary. 

The  failures  which  now  take  place  are  almost  wholly 
in  the  lead  service-pipes  from  the  subsidiary  mains  to  the 
cisterns.  There  are  two  causes  for  this :  the  one  is,  by 
the  subsoil  of  the  street  decomposing  the  pipe ;  the  other, 
which  is  the  more  serious,  arises  from  the  effect  of  frost. 
It  would,  therefore,  be  very  desirable  if  some  other  ma- 
terial could  be  used.  I  am  convinced  that  a  small  iron 
pipe  may  be  substituted  with  advantage.  It  would  with- 
stand the  pressure,  and  might  be  laid  with  an  inclination, 
so  as  to  discharge  its  water  either  into  the  subsidiary  main 
or  the  cistern,  and  thereby  prevent  its  bursting  by  the 
effects  of  frost;  and,  in  most  cases,  it  would  afford  a  supply 
of  water  to  the  houses  even  in  severe  frosts,  because  these 
subsidiary  mains  are  generally  laid  sufficiently  below  the 
reach  of  frost. 

SEWERS. 

With  regard  to  the  openings  which  must  unavoidably 
be  made  for  common  sewers,  they  so  seldom  occur,  and 
may  be  so  effectually  secured,  tliat  their  consequences  do 
not  require  any  serious  notice. 

A  A  3 
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STREET^WATERINO. 


The  present  mode  of  watering  the  streets  from  the  plug- 
pipes,  by  throwing  it  about  with  scoops,  is  extremely  inju- 
rious to  the  pavement  joints.  I  tlierefore  recommend  that 
water-carts  be  substituted. 


FOOT  PAVEMENTS. 


In  the  course  of  my  examinations,  I  found  that  the  foot 
pavements,  though  in  some  few  instances  requiring  repairs, 
and  even  improvement,  yet  were,  upon  the  whole,  in  a 
very  fair  state,  and  did  not  seem  to  require  any  separate 
discussion,  or  material  change  from  the  mode  now  prac- 
tised. 

I  may  merely  observe,  that,  in  future,  it  will  be  an  im- 
provement, that  its  surface  may  have  a  gentle  declivity 
from  the  areajs,  or  houses,  towards  the  street ;  and  that 
the  new  stones  should,  in  the  principal  streets,  be  good 
Yorkshire  pavement,  not  less  than  four  inches  in  thickness. 

GENERAL  OBSERVATIONS. 

From  the  foregoing  discussion  it  is  evident, — 

1.  That  pavement  is  the  most  advisable  mode  of  con- 
structing street  carriage-ways. 

2.  That  the  present  street  {)avement  is  very  imperfect, 
because  the  bottoming  to  receive  it,  being  composed  of  a 
variety  of  loose  materials,  all  easily  convertible  into  mud, 
is  very  unfit  for  a  foundation.  And  the  irregular  depth 
and  shape  of  the  stones  placed  upon  such  a  bottom,  with 
a  generally  small  base,  having  only  the  support  arising 
from  the  friction  of  the  very  trifling  breadth  which  comes 
in  contact  near  the  upper  edges  (even  when  these  parts  of 
the  joints  are  good),  are  easily  pressed  down  into  the 
aforesaid  loose  materiak;  and  although  ramming  may 
assist  the  present  mode^  yet  the  irregularity  of  depth  and 
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base  prevents  it  from  constituting  a  perfect  and  durable 
pavement. 

3.  That  it  has  become  absolutely  necessary  to  abandon 
the  present  imperfect  mode  of  paving  and  repairing,  and 
adopt  a  better  one. 

4.  In  order  to  commence  the  improvements  (which  I 
have  stated  may  be  gradually  accomplished),  I  recommend 
that,  in  one  of  the  streets  of  the  first  class,  say  about 
100  yards,  which  are  now  in  the  most  imperfect  state, 
should  be  wholly  taken  up,  and  restored  with  new  stones 
of  proper  dimensions  and  shape^  placed  upon  well-prepared 
substantial  bottoming,  and  the  whole  managed  in  the  way 
described  in  the  foregoing  Report.  -—The  stones  taken  up 
may  be  selected  and  re-dressed  for  the  second  class  of 
streets. 

For  each  operation,  precise  specifications,  and  drawings 
of  the  cross  sections,  should  be  prepared,  and  there  should, 
in  the  commencement,  be  small  specimens  made  of  the 
new  pavement,  and  also  of  the  re-dressing,  under  the 
direction  of  a  properly  qualified  person,  who  would  enter 
with  zeal  into  the  spirit  of  the  improvement.  Upon  these 
specifications  and  specimens,  contracts  might  be  entered 
into. 

5.  That,  to  ensure  an  effectual  performance  of  what  has 
been  recommended,  unremitting  attention  is  absolutely 
required,  and  quite  sufficient  to  occupy  the  whole  time  of 
an  able,  intelligent,  experienced  man. 

I  cannot  close  this  Report  without  acknowledging  the 
aid  I  have  derived  from  the  ready  and  full  information 
afforded  by  the  Agent  of  the  Grand  Junction  Water  Works 
Company  in  all  that  regards  water-pipes,  &c.  &c. 

(Signed)  Thomas  Telford. 

June,  1824. 
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OBSERVATIONS  COMMUNICATED  TO  T,HE  AUTHOR,  ON  MR.  WALr- 
KER's  evidence  before  THE  SELECT  COMMITTEE  OF  TH£ 
HOUSE  OF  COMMONS,  IN  1819. 

When  Mr.  Walker  gave  evidence  before  the  Select  Com- 
mittee on  roads,  in  1819,  he  delivered  a  section  of  the 
Commercial  Road  paving,  and  also  of  the  East  India  road, 
both  of  which  were  printed. 

In  the  same  evidence  he  stated  that,  for  heavy  traffic  in 
each  direction,  it  would  be  an  improvement  to  form  the 
paving  on  the  sides  of  the  road,  and  leave  the  middle  for 
light  carriages,  by  which  the  carmen,  when  on  the  foot- 
paths or  sides  of  the  road,  could  be  close  to  their  horses, 
without  interrupting  or  being  in  danger  of  accidents  from 
light  carriages,  and  the  unpaved  part,  being  in  the  middle 
or  highest  part  of  the  road,  would  be  more  easily  kept  in 
repair.     He  delivered  a  section  according  to  this  plan. 

In  1820,  two  miles  of  the  Middlesex  and  Essex  road, 
from  Whitechapel  to  Bow,  were  paved  on  the  above  plan. 
The  specification  for  the  contract  was  prepared  by 
Mr.  Walker,  and  the  first  part  done  under  his  direction. 
He  appears  to  have  taken  great  pains  to  ascertain  by 
experiment  the  proportional  durability  of  different  stones; 
for  which  purpose  he  had  pieces  of  equal  weight  and 
rubbing  sur&ce  of  Guernsey,  Aberdeen,  and  Peterhead, 
placed  loosely  in  a  firame  divided  into  squares,  each  stone 
occupjring  a  square.  The  frame  was  moved  back  and 
forward  for  several  days  on  a  large  block  of  stone  with 
sand  and  water  between,  and  the  loss  of  weight  noted 
each  day.    The  Guernsey  stood  best,  and  the  contract 
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was  made  for  it  This  paving  has  now  been  in  use  thir- 
teen years,  with  ahnost  the  heaviest  traffic  out  of  London 
on  it,  and,  except  the  first  year,  when  the  contractor  had 
to  keep  it  up  under  his  agreement,  it  has  cost  very  little 
for  repairs.  It  is  now  in  excellent  order,  and  the  stones 
do  not  appear  worn  in  the  smallest  degree.  The  paving 
is  9  feet  wide,  with  a  curb  on  each  side,  and  the  gravelled 
road  between  about  32  feet  on  the  average ;  making  the 
width  of  the  road,  exclusive  of  the  footpaths,  50  feet. 

Much  praise  for  the  excellent  way  in  which  this  great 
road  has  been  improved  and  kept,  is  due  to  the  chairman 
of  the  trustees,  John  Henry  Pelly,  liq.  From  being  at 
one  time  the  worst,  it  has,  for  twenty  years,  been  the  best, 
and  is  still  one  of  the  best  roads  out  of  London,  and  at 
the  same  time  much  the  cheapest  in  point  of  toll.  The 
tolls  allowed  by  the  Act  are  as  under:  those  actually 
charged  are  25  per  cent  lower. 

For  a  horse,  &c.  laden  or  unladen 

For  a  coach,  &c.  with  five  or  more  horses 

For  ditto,  with  three  or  four  horses 

For  ditto,  with  two  horses  -  -  - 

For  ditto,  with  one  horse  -  - 

For  two-horse  cart  with  wheels  from  six  to  nine 

inches         -  -  -  -  -     0     8 

For  waggon  with  two  or  more  horses,  and  wheels 

less  than  six  inches  in  breadth 
For  one-horse  cart  -  -  -  - 

For  dray  with  one  or  more  horses 
For  waggon  with  one  or  more  horses,  and  wheels 

six  to  nine  inches  broad  ... 

For  ditto,  if  wheels  more  than  nine  inches 
Oxen,  &c.  -  -  -  -  - 

Calves,  sheep,  &c.,  per  score  -         -  - 

A  payment  at  Mile  End  gate  clears  from  London  to 
Brentwood  (18  miles),  and  tolls  are  due  only  once  a  day. 
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The  formation  of  the  tramway  on  the  Commercial  Road 
gave  Mr.  Walker  another  opportunity  of  proving  the  abso- 
lute wear  and  comparative  hardness  of  granites.  The 
experiments  were  made  on  pieces  of  the  tram-stone  18 
inches  wide  and  a  foot  deep,  which,  after  being  accurately 
weighed,  were  laid  down  in  one  of  the  toll-gateways  where 
all  die  traffic  from  the  East  and  West  India  Docks  uniform- 
formly  passed;  on  being  taken  up,  the  stones  were  again 
weighed,  and  the  results  were  as  under :  — 

First  Series. 


I^aid,  November  1828.      1                          t»        i?        ilt     *u 
Lift4  March  1829.          }                        ^unc,  Four  Months 

Description. 

Loss  of  Depth. 

Absolute. 

Relative. 

Guernsey          -           -             .             . 
Budle  •           -               -               -         . 
Hermf         -               -            -            - 
Blue  Peterhead         -         .         -        _ 
Red  Aberdeen    -         - 
Blue  Aberdeen        .... 

Inch. 
•028 
•029 
•034 
•051 
•074 
•086 

1^000 
1025 
ri94 
1*809 
2*601 
3*039 

Second  Series. 


I:!Kti'??31.     }                 r.»e,  Sevenu^en  Months. 

Description. 

Loss  of  Depth. 

Absolute. 

Rebtiye. 

Guernsey         .... 
Herm        .... 
Budle      -            -            ... 
Blue  Peterhead          -            .            .; 
Heyton        .... 
Red  Abeidean        .... 
Dartmoor        .... 
Blue  Aberdeen 

Inch. 
*060 
•075 
•082 
•131 
•141 
159 
•207 
•225 

rooo 

1-190 
1*316 
2^080 
2*238 
S-524 
3*285 
3^571 

•  Budle  is  a  whinstone  from  Northumberland ;  the  others  arc  all  gnuiHcs. 
f-  Herm  is  an  island  adijoiiiiiig  Guernsey. 
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The  second  of  the  above  series  may  be  considered  the 
more  correct,  from  the  longer  duration  of  the  experiment, 
and  from  the  dressing  of  the  stones  of  the  difierent  descrip- 
tions at  the  time  of  the  first  series  not  being  quite  equal. 

Remarks  on  Horse  Railways^  and  Tramways^  by  John 

MacneiUj  Esq. 

Railways  worked  by  horses  are  becoming  very  general ; 
some  have  been  constructed  both  in  Scotland,  England,  and 
Wales,  and  others  are  about  being  formed  in  Ireland  to  a 
very  considerable  extent  These  lines,  though  worked  by 
horses,  have  edge  rails  similar  to  the  best  description  of 
locomotive  railways,  but  of  less  dimensions;  they  should 
therefore  be  called  horse  railways,  not  tramways,  which, 
as  before  stated,  are  constructed  in  a  very  di£ferent  manner. 
A  railway  worked  by  horses  possesses  many  advantages ; 
in  the  first  place,  a  horse  will  be  able  to  perform  nearly 
ten  times  as  much  work  as  he  could  on  a  common  road, 
and  the  expense  of  construction  is  so  moderate,  when  com- 
pared with  locomotive  railways,  that  they  may  be  intro- 
duced into  districts  and  countries  where  the  trade  and 
commerce  would  not  justify  such  an  expenditure,  even  if  a 
sufficient  capital  could  be  raised  for  the  purpose.  They  are 
certainly  more  adapted  for  the  carriage  of  goods  and  agri- 
cultural produce  than  for  the  carriage  of  passengers  where 
a  very  speedy  transit  is  required;  but  where  9  or  10  miles 
an  hour  are  sufficient,  they  are  admirably  adapted  for  a 
passenger  trade,  as  proved  on  the  Edinburgh  and  Dalkeith 
railway,  and  several  others,  and  at  that  rate  of  velocity 
will  probably  be  found  to  be  the  most  economical  mode  of 
conveying  passengers  that  has  yet  been  introduced.  The 
first  cost  of.  such  railways  will  be  found  to  vary  fi'om 
3,000  JL  to  5,000/1  per  mile,  according  to  the  nature  of  the 
country  through  which  they  are  carried ;  the  total  mass 
moved  in  a  train  of  waggons  drawn  by  one  horse  being  so 
small  as  compared  with  the  mass  moved  by  a  locomotive 
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engine,  that  the  increase  of  resistance,  arising  from  gravity 
on  an  acclivity,  bears  but  a  small  proportion  to  the  in- 
creased resistance  arising  from  the  sam^  cause  on  a  loco- 
motive line,  and  is  therefore  more  within  the  compass  of 
the  moving  power.  The  rates  of  acclivity  may  therefore  be 
much  greater  on  the  former  than  on  the  latter  description 
of  railway ;  and  the  cuttings  and  embankments,  which  are 
the  most  expensive  part  of  railways,  may  therefore  be  much 
less,  and  the  cost  of  construction  consequently  reduced. 

The  rails  may  also  be  of  much  less  weight  per  yard ;  on 
locomotive  lines  the  rails  should  weigh  from  60  to  70  lbs. 
per  yard ;  as  they  liave  to  carry  the  weight  of  tlie  engine, 
which  is  often  made  to  weigh  from  8  to  12  tons,  and  the 
rails  must  be  proportionably  strong,  diough  the  waggons 
which  carry  the  goods  or  passengers  would  not  require 
rails  of  half  these  dimensions. 

The  wear  and  tear  on  the  horse  railway  will  be  much 
less  than  on  the  locomotive  line,  for  the  power  which 
propels  the  waggons  in  the  former  case  does  not  touch  the 
rails,  or  do  any  injury  to  them ;  whilst,  on  the  contrary, 
the  propelling  power  on  the  locomotive  railway  causes  the 
greatest  amount  of  annual  repair  and  expenses.  Tlie 
effect  which  a  horse  can  produce  on  a  railway  of  this  de- 
scription will  be  seen  from  the  following  table. 


Rates 

of 

Acclivity. 

Number  of 

Number  of 

Number  of 

Tons  gross 
at  3  Miles 
per  Hour.* 

Tons  gross 

at  10  Miles 

per  Hour. 

Passengers 

at  10  Miles 

per  Hour. 

I- 

1  in  100 

4i 

2 

15 

One 

1  in  200 

6J 

3 

20 

1  in  300 

8 

3i 

26 

Horse 

1  in  400 
1  in  500 

9 
9i 

4 
44 

30 
37 

\» 

Horizontal 

13 

6i 

45 

*  The  power  assumed  for  a  horse  nunring  at  the  rate  of  three  miles  per 
hour  is  150  lbs.,  and  70  when  moving  at  the  rate  of  ten  miles  an  hour,  and 
working  short  lengths,  as  in  maO  coaches. 
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Tramways,  or  what  should  more  properly  be  called 
trackways,  formed  of  flat  metal  plates  without  ledges,  or  of 
blocks  of  granite,  have  been  used  with  considerable  advan- 
tage, and  have  of  late  been  introduced  with  considerable 
success.  These  trackways  are  more  applicable  to  general 
traffic  in  the  streets  of  townsf  and  on  quays,  wharfs,  &c. 
than  the  edge  rail,  or  tramway ;  but  where  they  are  likely 
to  become  most  useful  is  on  the  sides  of  the  present  turn- 
pike roads,  where  they  may  be  adopted  with  the  greatest 
public  advantage. 

The  trackway  in  Glasgow  is  composed  of  plates  of  cast 
metal  laid  on  stone  supports,  and  flush  with  the  surface  of 
the  road.  They  are  about  two  inches  thick,  three  feet 
long,  and  eight  inches  wide.  They  are  laid  on  a  part  of 
the  street  which  rises  1  in  20,  yet  on  this  steep  incline 
horses  drew  up  4  tons  with  apparent  ease.  The  expense 
of  keeping  this  road  in  repair  is  very  trifling. 

Trackways  of  granite  have  been  lately  laid  on  the  turn- 
pike road  between  Coventry  and  Nuneaton,  and  are  found 
to  answer  exceedingly  well.  In  this  case,  as  the  horses 
work  two  abreast,  they  are  obliged  to  travel  on  the  stone 
tracks,  as  they  work  in  the  lines  of  the  wheels;  in  the 
others  already  mentioned,  the  carts  or  waggons  are  drawn 
only  by  one  horse  in  the  shafts,  by  which  means  he  travels 
on  the  pavement  between  the  lines,  and  not  on  the  tracks 
themselves.  This,  however,  produces  no  inconvenience 
whatever,  and  no  obstruction  to  the  horses  from  slipping 
or  any  other  cause.  On  this  trackway  the  blocks  are  of 
granite  12  in.  x  9  in.  and  3^  feet  long;  the  space  between 
the  lines  is  not  paved.  The  work  cost  at  the  rate  of  1,5192, 
per  mile. 

A  trackway  is  about  to  be  laid  down  on  part  of  the 
Holyhead  road,  the  specification  for  which  is  given  in 
another  part  of  this  work,  and  when  finished  will  perhaps 
be  the  most  perfect  one  of  the  kind  hitherto  made.  That 
part  of  the  road  on  which  it  is  to  be  constructed  is  gene- 
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rally  very  soft,  and  difficult  to  draw  over,  arising  from  the 
nature  of  the  soil  and  the  limestone  used  in  repairing  it. 
The  power  required  to  draw  one  ton  over  a  horizontal 
part  of  it  was  found  by  experiment  to  be  150  lbs.,  and  on 
the  acclivity  of  1  in  20,  294  lbs.  When  the  trackway  is 
laid  the  horizontal  draught  will  be  reduced  to  13  lbs.,  and 
the  draught  on  the  acclivity  of  1  in  20  to  131  lbs.  This  is 
equivalent  to  reducing  the  acclivity  from  1  in  20  to  a 
horizontal,  supposing  the  surface  of  the  road  to  remain 
as  it  was  when  the  experiment  for  ascertaining  the  force 
of  traction  was  made.  As  the  part  of  the  country  where 
this  work  is  to  be  executed  is  a  considerable  distance  from 
granite  quarries,  the  work  will  be  expensive ;  perhaps  as 
much  so  as  in  any  part  of  England.  The  expense  of  similar 
works  where  granite  could  be  procured  at  a  moderate  rate 
would  be  much  less,  as  will  be  seen  by  die  following  de- 
tailed estimate  of  one  running  yard  of  the  proposed 
work. 

Getting  out  earthwork  and  drains 
Drains  at  each  side 

1^  yard  sandstone  and  coating,  at  1&  6d. 
1^  yard  of  limestone  broken,  at  3& 
i  yard  of  Huntshill  broken,  at  8s.       - 
Lime  and  sand         -  .  .  . 

Blocks  of  granite,  at  3«.  9iL  per  cubic  foot     • 
Curb-stones  -  -  -  . 

Workmanship,  pitching,  grouting,   ramming, 

laying  blocks  and  curbs        -  -        -    0     2     3 


£ 

s. 

d. 

0 

1 

0 

0 

1 

6 

0 

1 

10^ 

0 

3 

9 

0 

2 

0 

0 

1 

0 

1 

6 

3 

0 

4 

0 

Total  expense  of  one  running  yard       -        -    2     3    7} 
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REPORT  OF  THE  SELECT  COMMITTEE  APPOINTED  TO  INQUIRE 

INTO  THE   AMOUNT   OF    ALL  SUMS   OF    MONEY   RECEIVED) 

EXPENDED,    AND    REPAID    BY     THE    COMMISSIONERS     FOR 

THE    IMPROVEMENT   OF   THE   HOLYHEAD    AND  LIVERPOOL 

ROADS. 

May  SO,  1830. 

The  Committee  have  proceeded  in  making  the  inquiries 
referred  to  them,  and  find  fi:t>m  the  accounts  which  have 
been  laid  before  them,  that  the  Commissioners  appointed 
by  the  act  of  the  55th  Geo.  3.  c  152.  for  the  improve- 
ment of  the  Holyhead  road,  have  received  the  sum  of 
759,718/.  6s.  lid.;  that  of  this  sum  338,518/.  145.  Id. 
has  been  granted  by  Parliament,  without  any  condition  for 
repayment,  for  works  in  North  Wales ;  that  394,1 14/.  6s.  6d. 
has  been  granted  by  Parliament,  or  advanced  by  the  Ex- 
chequer Bill  Loan  Commissioners,  by  way  of  loan,  towards 
the  building  of  the  Menai  and  Conway  bridges,  the  making 
of  the  new  road  across  the  Island  of  Anglesey,  and  the 
improvement  of  the  road  between  London  and  Shrews- 
bury ;  and  that  repayments  have  been  made  to  the  amount 
of  1 03)633/.  2^.  2d.  The  details  of  the  expenditure  of  the 
sum  received  by  the  Commissioners,  of  759,710^1  6^.  lldL, 
are  stated  in  an  account  in  the  Appendix. 

In  order  to  ascertain  in  what  manner  the  Commissioners 
have  applied  the  money  entrusted  to  them,  the  Committee 
examined  their  engineer,  Mr.  Telford,  who  produced  the 
statement  which  is  here  inserted,  containing  a  short  de- 
scription of  each  work  that  has  been  executed  by  the  Com- 
missioners since  they  were  appointed  to  superintend  the 
improvement  of  the  Holyhead  road,  in  the  year  1815, 
under  the  following  heads :  — 
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1.  Roads  made  in  North  Wales  on  the  London  and 
Holyhead  Mail  line. 

2.  Roads  made  in  North  Wales  on  the  Chester  and 
Holyhead  Mail  line. 

3.  Embankments  on  the  Stanley  Sands  and  at  Conway. 

4.  Bridges  over  the  Menai  Strait,  and  over  the  river 
Conway. 

5.  Roads  made  between  London  and  North  Wales  on 
the  London  and  Holyhead  Mail  line. 

6.  The  Harbours  of  Holyhead  and  Ho^th. 

7.  Tlie  Road  from  Howth  to  Dublin. 

8.  The  widening  and  deepening  the  Channel  through 
the  Swilly  Rocks  in  the  Menai  Straits. 


Statement  of  the  Works  performed  between  the  Years  1815 

and  1830. 

HOLYHEAD  ROAD.  —  NORTH  WALES. 

Holyhead  to  Chirk. 

Between  Holyhead  Pier  and  Chirk  Bridge  is  a  distance 
of  83  miles  1,320  yards.  The  whole  may  be  fairly  con- 
sidered a  new  road,  as  the  short  pieces  of  the  old  road 
were  entirely  re-made.  The  whole  of  the  roadway  is  con- 
structed with  a  substantial  rubble-stone  pavement,  care- 
fully hand-set,  and  covered  with  a  six-inch  coating  of 
properly  broken  stone.  There  are,  in  all  cases  where 
found  necessary,  breast  and  retaining  walls  of  stone,  with 
numerous  side  and  cross  drains,  all  constructed  in  the 
most  perfect  manner.  The  whole  is  protected  with  stone 
walls ;  those  upon  precipices  built  with  lime  mortar,  most 
of  the  others  pointed  with  it  There  are  several  consider- 
able bridges,  also  numerous  cuttings  and  embankments,  in 
that  mountainous  country ;  one,  particularly,  at  the  village 
of  Chirk,  is  50  feet  in  height.    Four  miles  of  branch  roads 
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have  been  made*  The  toll-houses  and  gates  are  on  a  new 
construction,  as  are  the  milestones ;  and  sufficient  recessed 
depots  for  stones  have  been  made  in  every  part  of  the 
road.  An  entirely  new  inn  has  been  built  in  the  middle 
of  die  island  of  Anglesey,  upon  the  new  line  of  road. 


CHESTER   LINE. 

TaUy  Pant  Hill 

From  Tally  Pont  Bridge  a  new  road  has  been  made 
upon  comparatively  level  ground,  to  avoid  the  inconve- 
niently steep  inclination  of  Tally  Pont  Hill,  and  to  save 
distance,  1  mile  132  yards.  This  road  is  made  with  a 
pavement  bottom,  and  a  covering  of  hard  field  pebbles, 
properly  broken. 

Penman  Mawr^ 

This  improvement  consists  chiefly  of  rock  cutting,  in 
some  parts  30  feet  in  height^  with  high  breast  and  retain- 
ing walls,  stone  parapets  laid  in  lime  mortar ;  the  roadway 
is  formed  of  pavement  bottoming  and  a  coating  of  broken 
stone ;  so  that  this  formerly  frightful  precipice  is  now  a 
safe  trotting  road. — Distance  improved,  1  mile  231  yards. 

Penman  Back. 

Between  Penman  Mawr  and  the  town  of  Conway, 
excepting  a  short  distance,  a  new  road  has  been  made  to 
avoid  Sychnant  Hill,  over  which  the  mail  road  formerly 
passed,  by  dangerous  inclinations,  to  upwards  of  540  feet 
above  the  level  of  the  sea.  The  new  road  is  nearly  levels 
having  no  inclination  more  than  one  in  twenty-five,  and 
that  only  for  a  short  distance  of  about  100  yards ;  the  rock 
cutting  required  in  some  instances,  in  the  face  of  a  preci- 
pice, 100  feet  in  height    The  roadway  is,  in  all  respect&y 
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similar  to  that  at  Penman  Mawr^  as  to  breast  and  retaining 
walls,  parapets,  &c.  —  Distance  improved,  4  miles,  140B 
yards. 

Rhyalt  HiU. 

Up  a  valley  between  St  Asaph  and  Holywell,  a  road 
has  been  made  to  ease  the  steep  and  long-continued  ascent 
of  Rhyalt  Hill,  which,  in  some  cases,  was  one  in  seven. 
The  new  roadway  is  made  with  bottom  paving  and  broken 
limestone,  with  very  good  side  and  cross  drains.  —  2  miles 
1166  yards. 

EMBANKMENTS  IN  NORTH  WALES. 

Stanley  Sands. 

Near  Holyhead  there  is  an  inlet  of  the  sea,  known  by 
the  name  of  the  Stanley  Sands :  over  this  estuary  an  em- 
bankment, 1144  yards  in  length,  has  been  made;  the 
height  above  the  undisturbed  surface  of  the  sands,  in  the 
middle,  is  29  feet :  the  breadth  at  the  top,  including  the 
parapet  walls  and  outer  feeing,  is  34  feet ;  tlie  slopes  on 
each  side  are  at  the  rate  of  three  to  one,  and  these  slopes 
are  faced  with  rubble  stone,  two  feet  in  thickness ;  on  each 
side  of  the  road  there  is  a  parapet  four  feet  in  height, 
coped  witli  cut  stone.  Tlie  roadway  is  24  feet  in  width ; 
it  has  a  paved  bottom  and  a  coating  of  broken  stone.  In 
order  to  admit  the  tide  to  flow  into  the  space  on  the  west 
side  of  the  embankment,  there  is  a  bridge  built  upon  tlie 
only  piece  of  natural  rock  found  in  that  part  of  the  estuary. 
This  work  was  executed  in  two  years ;  156,271  cubic  yards 
of  earth,  and  25,754  cubic  yards  of  rubble  stone,  were 
deposited  in  forming  it:  it  has  been  completed  seven 
years,  and  is  now  in  a  perfect  state. 

Conway  Embankment. 

The  eastern  approach  to  Conway  Bridge  is  formed  by 
an  embankment  upon  the  sands,  over  which  the  tide  usually 
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flowed,  and  rendered  it  a  very  difficult  and  dangerous 
passage.  The  distance  from  the  eastern  shore  to  the 
island  is  672  yards ;  the  height  of  the  embankment,  on 
account  of  the  sand  being  swept  away  by  the  violence  of 
the  tides  during  the  execution  of  the  work,  is  54  feet ;  its 
breadth  at  the  base  is  300  feet,  and  30  feet  at  the  road- 
way: the  side  slopes  are  faced  with  rubble  stone. — 
261,381  cubic  yards  of  earth,  and  51,066  cubic  yards  of 
rubble  stone,  were  employed  in  forming  it.  The  whole 
has  been  finished  three  years,  and  is  now  in  a  perfect 
state. 

BRIDGES  IN  NORTH  WALES. 

Besides  several  stone  bridges,  three  of  a  novel  descrip- 
tion were  required :  — 

Menai  Bridge, 

Over  the  Menai  Strait,  which  separates  the  island  of 
Anglesey  from  Carnarvonshire,  in  order  to  supersede  an 
inconvenient  ferry,  it  was  found,  after  many  years  inves- 
tigation and  discussion,  that  in  a  navigable  and  rapid  tide- 
way, a  bridge  upon  the  principle  of  suspension  was  the 
most  practicable  and  economical;  a  bridge  of  that  de- 
scription, therefore,  was  begun  in  1818,  and  successfully 
completed  and  opened  on  the  30  th  of  January,  1826. 
This  structure  being  of  very  unprecedented  novelty  and 
magnitude,  considerable  apprehensions  were  entertained 
concerning  its  stability;  the  engineer,  therefore,  by  the 
advice  of  his  friend,  the  President  of  the  Royal  Society 
(one  of  the  Commissioners),  considerably  increased  the 
height  of  the  piers,  and  the  dimensions  of  the  masonry 
and  ironwork,  beyond  the  original  design^  and  this  un- 
avoidably led  to  corresponding  increase  of  expense;  but 
as  all  the  works  were  paid  for  at  the  prices  previously 
fixed  in  making  the  first  estimate,  and  as  the  quantities 
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have  been  ascertained  by  measurements  and  weights 
correctly  made  by  the  resident  engineer,  the  public  has 
only  paid  for  what  was  actually  found  in  the  work,  and 
the  edifice  is  thereby  rendered  more  substantial. 

The  contractor  for  the  iron  works  having  made  a 
claim  on  the  Commissioners  for  alleged  loss  sustained  by 
him  in  consequence  of  the  unprecedented  rise  in  the  price 
of  iron,  the  Commissioners  felt  themselves  justified,  on 
inquiry,  in  representing  to  the  Treasury  that  the  differ- 
ence between  the  price  paid  by  him  for  2,000  tons  of  iron, 
employed  on  this  and  the  Conway  bridges,  and  the  price 
at  which  the  contract  had  been  made,  exceeded  4,500/1 ; 
but  this  claim  was  not  admitted. 

The  distance  between  the  points  of  suspension,  for  the 
middle  opening,  is  580  feet,  and  between  the  pyramids 
and  toll-houses  about  half  as  much,  to  which  is  to  be 
added  what  passes  down  the  galleries  to  the  places  of 
fixture  in  tlie  rocks,  making  the  whole  length  of  each 
main  chain  1750  feet,  or  one  third  of  a  mile. 

The  height  from  low  water  to  the  top  of  the  saddles  on 
the  pjrramids  is  181  feet;  and  between  the  saddles  and 
the  roadway,  60  feet. 

The  breadth  of  the  platform  is  30  feet,  and  consists  of 
two  driving  ways  and  a  footpath  between  them. 

There  are  four  stone  arches  on  the  Anglesey  side,  and 
three  on  the  Carnarvonshire  side,  each  52  feet  6  inches 
span. 

This  bridge  has  been  in  constant  use  four  years,  has 
required  no  repair  but  painting,  and  is  now  in  a  perfect 
state. 

Conway  Bridge, 

At  the  town  of  Conway,  between  the  before-mentioned 
island  and  the  rocks  in  firont  of  the  old  castle,  there  is  a 
space  through  which  the  tide  flows  with  very  considerable 
velocity :  over  this  space  there  has  been  made  a  bridge  on 
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the  same  principle  as  the  Menai ;  it  is  327  feet  between 
the  points  of  suspension;  in  this  there  is  only  a  single 
roadway.  The  main  chains  are  fixed  in  rocks  at  each 
extremity;  the  western  approach  is  by  a  gateway  formed 
in  the  old  town  wall,  and  by  an  embrasured  terrace  around 
the  basement  of  one  of  the  towers ;  the  masonry  of  the 
supporting  pyramids,  and  also  the  toll-house  is  made  to 
correspond  with  the  old  castle. 

Waterloo  Bridge, 

Where  the  Shrewsbury  road  crosses  the  Conway  river, 
above  Llanrwst,  it  was  necessary  to  build  a  new  bridge  of 
one  arch,  105  feet  span;  and  building  stone  of  proper 
dimensions  and  quality  not  being  to  be  had  at  any  mode- 
rate expense,  this  bridge  is  built  of  cast  iron.  The  main 
ribs  consist  of  the  foUowing  words  in  roman  capitals: — 
*^  This  bridge  was  constructed  in  the  same  year  the  battle 
of  Waterloo  was  fought;"  —  and  having  the  national  em- 
blems, the  rose,  thistle,  and  shamrock,  in  the  angles,  it 
becomes  a  public  and  lasting  testimonial  of  the  action 
which  so  splendidly  terminated  the  war. 

THE  ROAD  BETWEEN  LONDON  AND  NORTH  WALES. 

Highgate  Archway  Road. 

This  road  being  upon  a  clay  soil  with  springs  of  water, 
originally  very  imperfectly  made,  never  properly  repaired, 
and  at  last  totally  neglected,  it  became  absolutely  necessary 
to  thoroughly  re-make  the  whole  upon  proper  principles. 

The  roadway  bottom  was,  therefore,  completely  opened, 
and  numerous  side  and  cross  drains  constructed,  so  as  to 
carry  off  the  water.  Next,  in  order  effectually  to  prevent 
the  water,  or  even  the  damp  from  the  clay,  affecting  the 
roadway,  a  bed  of  concrete,  composed  of  Parker's  cement 
and  washed  gravel,  six  inches  in  thickness,  was  laid  over 
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it,  which,  at  the  same  time,  formed  a  substantial  bottoming 
for  the  road  metalling:  upon  the  bed  thus  prepared,  there 
has  been  laid  a  coating  of  broken  Guernsey  granite. 

There  has  been  a  regular  footpath  formed  along  each 
side  of  the  road :  the  slopes  of  tlie  deep  cutting  on  each 
side  of  the  archway,  which  were  cracking  and  slipping 
down,  have  been  dressed  and  sown  with  grass  seeds.  The 
whole  remaining  now  in  a  perfect  state  after  a  trying  win- 
ter, is  an  instance  that  even  a  seemingly  desperate  case 
may,  by  proper  exertions  and  skill,  be  effectually  reme- 
died ;  and  also  proves  of  what  importance  it  is  to  have  a 
road  very  perfectly  made  at  first  —  Distance  improved, 
1  mile  892  yards. 

Bamet  and  South  Mims  Road. 

Between  the  town  of  Bamet  and  the  Village  of  South 
Mims,  an  entirely  new  road  has  been  made,  with  two 
bridges  and  a  regular  footpath ;  proper  recesses  have  been 
made  for  containing  repair  stones,  clear  of  the  roadway ; 
the  toll-house  and  milestones  are  of  the  same  plan  as  those 
in  North  Wales. — Length,  3  miles  352  yards. 

St  Albans  Road. 

A  new  road  has  been  made  from  the  Red  Lion  Inn,  in 
the  town  of  St.  Albans,  across  the  river  Vere  to  Pond 
Yards,  with  considerable  cuttings  and  embankings,  and  a 
bridge  over  the  river. — Length,  2  miles. 

Hochliffe  Hills. 

An  extensive  improvement  has  been  made  at  Hockliffe 
HiUs,  consisting  wholly  of  deep  cuttings  and  embankings ; 
the  roadway  is  formed  with  rubble  stone  pavement  botf- 
toming,  covered  with  broken  pebbles. — Length,  1  mile 
1,672  yards. 
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Sandhause  Hills. 

This  improvement  consists  wholly  of  cuttings  and  etD* 
bankings;  the  roadway  is  constructed  as  the  last  men- 
tioned.— Length,  1,320  yards. 

BrickhiU. 

There  is  a  new  piece  of  road  at  ArickhiU,  chiefly  cutting 
and  embanking;  the  roadway  same  as  last — Length,  880 
yards. 

Fermy  Stratford, 

At  this  village,  the  hollow  west  of  the  bridge  has  been 
raised  by  lowering  the  hill  in  the  street,  the  roadway  has 
been  widened,  several  houses  have  been  removed,  and 
others  underbuilt;  fence  walls,  railings,  and  stairs  have 
been  constructed. — ^Length,  451  yards. 

Old  Stratford. 

At  Old  Stratford  village  the  road  has  been  raised, 
widened,  and  made  with  paved  bottom,  and  coated  with 
Mount  Sorrel  stone. — Length,  370  yards. 

Gullet  HUk. 

This  improvement  consists  of  cuttings  and  embankings ; 
the  roadway  is  constructed  with  a  paved  bottom,  the  work- 
able part  covered  with  broken  limestone. — Length,  1,540 
yards. 

Cuttle  Mitt. 

In  this  valley  there  is  an  embankment  44  feet  in  height, 
a  cutting  15  feet  in  depth,  a  new  bridge,  and  a  pavement 
roadway. — Length,  1,452  yards.  There  is  an  additional 
piece  of  repaired  road : — Length,  400  yards. 

B  B  4 


376  APPENDIX,    NO.  IV. 

TowceUer. 

Some  banking  and  cutting,  and  a  new  pavement  road- 
way.— Length,  247  yards. 

Between  Towcester  and  Foster's  Booth. 

Six  hills  cut  dowTi  and  hollows  filled,  and  a  new  pave- 
ment roadway  made  over  them. — Length,  1,178  yards, 

Stowe  Hitts. 

Over  these  hills  there  are  several  very  considerable  cut- 
tings and  embankings ;  the  roadway  is  made  with  a  rubble- 
stone  pavement,  having  a  coating  of  broken  Hartshill  stone 
as  road  metaL — Length,  1  mile  1,120  yai'ds. 

Braunston  HUL 

This  improvement  consists  chiefly  of  cutting  and  em- 
banking ;  the  roadway  is  constructed,  as  the  last-mentioned, 
with  Hartshill  stone. — Length,  1  mile  306  yards. 

East  of  Coventry, 

The  new  road  east  of  Coventry  has  considerable  cuttings 
and  embanking;  the  roadway  is  similar  to  Stowe  Hills, 
with  a  paved  bottom  and  Hartshill  top  metal ;  there  is  a 
considerable  new  bridge,  with  recesses  for  stone  depots. — 
Length,  1  mile  272  yards. 

West  of  Coventry. 

The  new  road  between  the  city  of  Coventry  and  the 
village  of  AUesley  is  the  same  in  all  respects  as  the  last 
mentioned,  as  to  roadway,  bridges,  and  depots;  but,  in 
addition,  there  are  two  new  toU-houses  and  gates. — 
Length,  2  mUes  240  yards. 


APPENDIX,   NO.  IV.  377 

Pickford  Brook  to  Merideru 

At  Meriden  a  new  road  has  been  made  by  very  consi- 
derable rock  cutting  and  embanking;  the  roadway  is 
paved  with  hard  sandstones,  and  coated  with  hard  War- 
wickshire pebbles  properly  broken.  From  Meriden  Hill 
to  Pickford  Brook  Hill  the  road  has  been  put  into  a  proper 
form,  and  coated  with  six  inches  of  broken  pebbles.  A 
new  road  has  been  made  down  Pickford  Brook  Hill,  with 
a  paved  bottoming,  coated  with  broken  pebbles,  lliiii 
road  from  Meriden  to  Pickford  Brook  has  scarcely  needed 
any  repairs  during  the  last  six  years. — ^Length,  2  miles 
88  yards. 

Wednesbury. 

Here  a  new  road  has  been  made  across  collieries,  &c. 
below  the  town,  in  order  to  avoid  a  steep  hill,  and  save 
a  considerable  distance.  Tlie  bottom  of  the  roadway  is 
paved  and  coated  with  broken  stones. — Length,  1  mile 
704  yards. 

Biktone. 

This  new  improvement  saves  passing  along  a  very  awk- 
ward street,  and  is  only  about  half  the  distance;  it  is  con- 
structed in  the  same  manner  as  the  last  mentioned.—* 
Length,  1,150  yards. 

WolverhamptoTU 

The  Wolverhampton  improvement  has  been  carried 
partly  over  a  level  field,  and  partly  through  old  houses  in 
the  town ;  the  roadway  bottom  is  made  with  large  cinders, 
and  coated  with  Rowley  rag  and  Pouck  Hill  stone. — 
Length,  1,199  yards. 

Summerhouse  HilL 

The  first  contract  proceeded  from  the  public-house 
downwards  to  near  Bonigale  public-house ;  it  is  all  cutting 
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and  embanking ;  the  bottom  of  the  roadway  is  paved,  and 
the  top  covered  with  broken  pebbles. — Length,  858  yards. 
The  second  contract  consisted  in  lowering  the  hill  above 
the  public-house,  and  embanking  the  hollow  east  of  the 
hill;  the  roadway  made  as  the  last — Length,  1,584  yards. 

Corford  Brook. 

In  this  formerly  steep  and  dangerous  pass  there  is  very 
considerable  cutting  in  rock,  and  embanking;  a  bridge 
has  been  widened  and  raised;  the  roadway  made  as  at 
Summerhouse. — Length,  700  yards. 

Totcn  ofShiffnaL 

This  improvement  is  partly  over  fields  on  the  west  of 
the  town,  and  partly  through  some  houses  adjoining  the 
market-place^  and  across  a  brook,  where  a  new  bridge  has 
been  built;  the  bottom  of  the  roadway  is  paved,  the  top 
is  of  broken  pebbles. — Length,  456  yards. 

Knowles  Bank. 

Consists  wholly  of  cutting  and  embanking,  and  making 
the  roadway  same  as  last. — Length,  957  yards. 

JUeweUyju 

Here  a  new  road,  from  the  last-mentioned  improvement, 
has  been  made  to  Prior's  Leigh,  in  the  same  way  as  that 
at  Shiffiial. — Length,  1689  yards. 

Prunes  Leigh. 

At  Prior's  Leigh  there  is  much  cutting  and  embanking ; 
the  roadway  has  a  paved  bottom  and  a  coating  of  broken 
whinstone;  the  whole  is  fenced  by  stone  walls.— -Length, 
1724  yards. 
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Ketky  Works. 

At  Kedey  Iron-works  an  improvement  has  been  made^ 
consisting  of  cuttings,  and  an  embankment  23  feet  in 
height,  also  an  arched  roadway  under  it;  the  roadway  has 
a  paved  bottom,  with  a  covering  of  broken  stone;  the 
fences  are  of  cinders  from  the  iron- works. — Length, 
816  yards. 

Gobowen  to  Chirk  Bridge, 

From  the  village  of  Gobowen  to  Chirk  Bridge  there  is 
an  entirely  new  road ;  the  bottom  is  paved  and  covered 
with  a  coating  of  broken  stone.  There  is  one  bridge  over 
the  canal.  —  Length,  2  miles  1452  yards. 

It  is  fit  to  observe,  before  I  conclude  this  description  of 
the  roads  made  in  England,  that  the  work  has  been  chiefly 
confined  to  cutting  and  lowering  hills,  and  forming  long 
and  high  embankments,  so  that  the  greater  part  of  the 
expense  has  been  incurred  in  moving  earth. 

HARBOURS. 

Holyhead  Harbour. 

The  money  granted  for  this  harbour,  since  it  was  put 
under  the  Holyhead  Road  Commissioners  in  1823,  has 
been  expended  in  giving  additional  security  to  the  great 
pier,  the  lighthouse,  and  roadway ;  in  deepening  the  har- 
bour, and  laying  down  moorings  for  above  fifty  sail  of 
vessels:  this  last  work  relieves  the  space  allotted  to  the 
post-office  packets.  A  large  anchor  has  also  been  laid 
down  at  the  north  pier  head,  for  their  security  in  stormy 
weather. 

The  graving-dock,  which  was  in  hand  in  1823,  has  been 
completed;  proper  gates  have  been  put  up,  and  also  a 
Boulton  and  Watt's  engine;  a  carpenter's  shop,  smithy, 
and  storehouse  have  been  built ;  also  a  gatehouse  and  a 
boundary  wall,  enclosing  the  dockyard.     A  road  has  been 
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made  from  the  town  of  Holyhead,  communicating  witli  the 
dock  along  the  south  side  of  the  harbour. 

About  two  thirds  of  the  south  protecting  pier  have  been 
built,  and  backed  with  rubble  stone. 

On  the  north  side  of  the  harbour,  at  the  root  of  the  great 
pier,  a  lock-house  has  been  built;  also  a  harbour-master's 
oflSce,  with  a  turret  clock-house  and  clock,  and  a  custom- 
house. 

Lamp-posts  and  lamps,  posts  and  chains,  have  been  put 
up,  and  good  foot-paths  have  been  formed  along  each  side 
of  a  new-made  road  between  the  landing  pier  and  the 
principal  inn;  and  a  coach-house  and  workshop,  for  the 
use  of  the  mail  coaches  have  been  built  adjoining  the  inn. 

A  considerable  quantity  of  rubbish  has  been  removed 
from  the  harbour  by  the  diving  bell,  and  the  landing  place 
at  the  pier  has  been  rendered  more  commodious. 

Howth  Harbour, 

The  money  granted  for  Howth  Harbour,  since  1823, 
has  been  applied  as  follows :  — 

In  renewing  the  railroad  between  the  harbour  and  the 
quarries  at  Kilrock,  providing  a  quantity  of  suitable  stones, 
applying  a  part  of  them  in  strengthening  the  glacis  at  the 
back  of  the  eastern  pier  and  that  side  of  the  harbour,  and 
having  a  quantity  in  readiness  in  case  of  injury  from 
storms. 

The  roadways  upon  and  adjacent  to  the  piers  have  been 
put  into  a  perfect  state,  and  the  inner  edges  of  the  quays 
have,  in  part,  been  secured  by  posts  and  chains. 

The  entrance  to  the  harbour  and  the  packet  births  have 
been  deepened  by  taking  up  5963  tons  of  rock  by  means 
of  diving  beUs,  and  19,967  tons  of  sand  and  mud  by 
dredging  machines;  thereby  affording  11  feet  of  water  at 
low  water  of  ordinary  spring  tides,  where  there  was  only 
eight  feet  before. 
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HOWTH  ROAD. 

Between  Howth  harbour  and  Dublin,  a  distance  of 
eight  miles,  the  road  (formerly  very  imperfect)  has  been 
wholly  re-made,  and  rendered  in  all  respects  similar  to  the 
Holyhead  road;  it  is  now  in  a  perfect  state,  having  a 
proper  cross  section,  and  being  smooth  and  substantial.  A 
considerable  sea-wall  has  been  built  to  protect  the  road. 
It  is  now  referred  to  as  a  model  for  other  roads  in  the 
vicinity  of  Dublin. 

SWILLY  ROCKS. 

In  the  Menai  Strait,  immediately  to  the  westward  of 
the  site  of  the  new  bridge,  the  navigation  was  rendered 
inconvenient  by  the  strong  currents  acting  upon  a  parcel 
of  rocks  known  by  the  name  of  the  Swillys ;  and  it  was 
stated  by  nautical  men,  that,  unless  these  were  so  far  re- 
moved as  to  lessen  these  currents,  the  diflSculties  and  risk 
would  be  increased  by  the  new  bridge. 

Considerable  exertions  were  therefore  made,  whereby 
not  only  have  the  several  rocks  complained  of  been  suf- 
ficiently cut  away,  but  a  projecting  point  of  land  has  been 
taken  off;  and,  upon  the  whole,  it  is  acknowledged  that 
the  navigation  generally  is  much  improved,  and  that  no 
inconvenience  is  experienced  from  the  erection  of  the 
bridge. 

Thomas  Telford. 

The  Committee  having  called  for  an  account  of  the 
several  contracts  which  have  been  entered  into  by  the 
Commissioners,  find  that  one  hundred  and  fifty-one  con- 
tracts have  been  made  for  carrying  into  execution  the 
several  works  already  described.  They  also  find  that  all 
the  works  contracted  for  have  been  executed  for  the  stipu- 
lated sums,  except  in  one  instance,  wherein  an  exceeding 
took  place  of  76L  15s. 
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The  Committee  beg  to  refer  to  the  evidence  of  Mr.  Tel- 
ford for  an  explanation  of  the  mode  by  which  tlie  contracts 
have  been  managed,  and  to  the  evidence  of  Mr.  Milne  for 
an  explanation  of  the  manner  in  which  payments  have 
been  made  to  the  contractors. 

An  account,  which  is  given  in  the  Appendix,  contains 
the  salaries  and  other  charges  paid  under  the  direction  of 
the  Commissioners. 

It  appears  that  the  total  sum  paid  for  woiics  amounts  to 
G97,637L  I0s.6d,;  and  that  the  sum  paid  in  fifteen  years 
fi)r  charges  of  management  amounts  to  28^460/.  4s.  Id. 
This  charge  is  something  under  four  and  a  quarter  per 
cent  on  the  expenditure.  The  sum  of  4,583^  4s.  Id.  has 
been  paid  for  parliamentary  fees  in  passing  Acts,  and  for 
exchequer  fees;  and  2,821/1  8$.  bd.  for  solicitors  bills  for 
passing  Acts  of  Parliament,  and  other  general  business. 

Hie  Committee  find  that  the  Commissioners,  imme- 
diately upon  the  harbours  of  Holyhead  and  Howth  being 
placed  under  their  management,  in  the  year  1823,  reduced 
the  amount  of  the  salaries  to  officers  61 IZ.  Is.  6d.  a  year, 
and  that  they  have  subsequently  dispensed  with  the  ser- 
vices of  two  assistant  engineers :  the  number  now  employed 
is,  one  between  London  and  North  Wales,  another  in 
North  Wales,  who  has  the  care  of  the  suspension  bridges 
and  the  harbour  of  Holyhead,  and  superintends  all  the 
road  business  of  the  Commissioners ;  and  a  third,  who  has 
the  care  of  the  harbour  at  Howth,  and  of  the  road  from 
Howth  to  Dublin. 

In  the  Appendix  an  account  is  given  of  the  additional 
Tolls  levied  for  the  repayment  of  loans  advanced  for  the 
improvement  of  the  road  between  London  and  North 
Wales ;  the  amount  of  the  loans  advanced  by  the  Commis- 
sioners for  the  loan  of  exchequer  bills  on  the  credit  of 
these  tolls  is  44,000/1,  and  the  amount  of  the  repayments 
which  have  been  made  is  82,781/. 

Sir  Henry  Parnell  and  Mr.  Telford  have  been  examined 
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on  the  present  state  of  the  roads,  embankments,  bridges, 
and  harbours ;  and  the  Committee  have  to  represent,  that 
these  works  are  in  a  perfect  condition,  and  likely  to  con- 
tinue so,  in  consequence  of  the  complete  and  durable 
manner  in  which  they  have  been  constructed. 

The  Committee  beg  to  refer  to  the  letters,  which  they 
have  inserted  in  the  Appendix,  of  several  coach  proprietors 
and  coachmen,  as  showing  the  benefits  derived  from  one 
of  the  last  pieces  of  road-work  which  have  been  executed 
by  the  Commissioners.* 

The  Committee  have  to  observe,  that,  although  ^ 
expenditure  on  these  works,  in  the  comae  of  Ae  last 
fifteen  years,  has  been  connderaU^  great  advantages  have 
been  derived  to  the  puUic  firom  the  improved  state  of  the 
ready  and  the  more  rapid  and  regular  communication 
between  England  and  Ireland;  a  large  saving  has  been 
effected  by  several  measures  of  public  economy  which  have 
been  adopted  in  consequence  of  the  improvement  in  the 
communication  between  London  and  Dublin:  such,  for 
instance,  as  the  abolition  of  the  separate  revenue  boards, 
and  the  transferring  of  the  chief  management  of  all  the 
revenue  affairs  of  Ireland  to  London.  An  annual  sum  of 
12,000/.  has  also  been  saved,  which  was  expended,  before 
the  roads  were  improved,  in  maintaining  an  express 
establishment  for  carrying  the  correspondence  of  govern- 
ment between  London  and  Dublin;  and  the  postage 
revenue  on  letters  passing  between  Dublin  and  England 
has  considerably  increased. 

As  all  the  works  have  been  executed  by  contract  and 
competition,  and  as  it  appears  that  several  of  the  con- 
tractors have  failed,  the  Committee  consider  this  a  proof 
that  the  prices  at  which  the  contracts  were  made  could  not 
have  been  beyond  what  were  fair  and  sufficient. 

*  This  alludes  to  the  Archway  road :  a  few  of  the  letters  referred  to  are 
giTen  in  a  previous  chapter. 
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The  Committee,  on  the  whole,  feel  themselves  justified 
in  saying,  from  their  inquiries  into  the  proceedings  of  the 
Commissioners,  that  the  works  executed  by  them  afford  an 
example  of  road-making  on  perfect  principles,  and  with 
complete  success;  and,  in  making  this  Report  to  the 
House,  they  cannot  conclude  without  stating  their  high 
sense  of  the  public  and  permanent  benefit  which  has  re^ 
suited  from  the  unexampled  exertions  of  Sir  Henry  Pamell, 
in  discharging  his  duties  as  a  commissioner  of  the  Holy- 
head road,  and  from  the  great  skill  displayed  by  Mr.  Telford 
in  overcoming  the  seemingly  insuperable  difficulty  of 
erecting  a  bridge  over  the  Menai  Strait^  and  also  in  every 
other  work  which  he  has  executed.* 


*  Since  1830,  further  improvements  have  been  made  by  the  commissionerB 
on  the  English  portion  of  the  road,  viz.  at  Flampstead  Hill,  Chalk  HiU, 
High  Ash  Hill,  Denbigh  Hall  Hill,  Geese  Bridge  Valley,  Koightlov, 
WiUenhall,  and  Allesley  Hills,  and  at  Mountford  HiU. 
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THE  FOLLOWING  ARE  THE  EXAMINATIONS  BEFORE  THE  COM- 
MITTEE OF  THE  HOUSE  OF  COMMONS  IN  1836  OF  MR.  JOHN 
PROVIS,  MR.  JOHN  M^NIELL,  AND  DR.  LARDNER. 

Mr.  John  Provis,  clerk  and  surveyor  of  the  Shrewsbury 
and  Holyhead  road,  called  in ;  and  examined. 

What  situation  did  you  fill  before  you  were  appointed 
to  that  office  ? — I  was  employed  upon  the  improvement  of 
the  Holyhead  road,  and  also  in  proving  the  iron*work  of 
the  Menai  Bridge,  under  Mr.  Telford. 

For  how  many  years  were  you  under  Mr.  Telford  ? — 
Fourteen  years. 

You  have  received  a  regular  education  as  a  civil  en^- 
gineer  ? — Yes. 

I  believe  you  inspected  several  of  the  large  contracts, 
under  Mr.  Telford,  for  making  the  Holyhead  road? — 
Several  of  them. 

Will  you  describe  to  the  Committee  the  process  of  making 
a  road  under  a  contract,  namely,  the  sort  of  contract  and 
specification,  drawings  and  inspecting,  when  a  new  piece 
of  road  is  to  be  made ;  what  course  did  Mr.  Telford  take  ? 
— After  the  survey  had  been  made  and  decided  upon,  the 
first  operation  was  that  of  forming  the  road ;  after  that,  of 
setting  on  it  a  pavement  of  sixteen  feet  in  width,  and 
averaging  six  inches  in  thickness,  that  is  seven  inches  in 
the  middle  and  five  inches  on  the  sides ;  and  upon  that 
six  inches  in  depth  of  broken  stones,  with  a  slight  covering 
of  fine  gravel,  to  prevent  the  horses  feet  being  injured. 

What  was  the  width  of  that  road  ? — Thirty-two  feet 

C  C 
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What  were  the  fences?— Stone  walls,  four  feet  six  inches 
in  height,  including  a  coping  on  the  top. 

Was  this  mode  of  making  the  road  described  in  the  con- 
tract?— It  was. 

How? — It  was  described  in  the  contract  by  drawings 
and  a  specification  pointing  to  each  particular,  and  the 
manner  in  which  each  separate  work  was  to  be  performed. 

And  how  was  the  work  superintended,  so  as  to  secure 
the  performance  of  the  contract  strictly  according  to  the 
agreement  ? — As  soon  as  the  contract  was  made  there  was 
an  inspector  appointed  to  superintend  the  work. 

And  what  did  he  do  ? — He  had  to  examine  it  daily,  or 
as  often  as  it  was  necessary ;  and  then,  if  he  found  any  thing 
wrong,  it  was  his  duty  to  point  it  out  to  the  general  sur- 
veyor or  engineer. 

Did  you  act  as  inspector  in  any  contract? — Yes,  I  did, 
to  several  contracts. 

So  that  you  were  always  enabled  to  see  whether  the  con- 
tractor had  faithfully  performed  what  he  had  agreed  to 
do  ? — I  did ;  I  saw  it  properly  formed  before  the  pavement 
was  put  on,  and  I  also  saw  the  paving  before  the  broken 
stones  were  laid  on. 

Was  there  any  particular  regularity  about  the  pavement, 
about  the  size  of  the  stones  ? — There  was ;  that  none  of 
them  should  exceed  four  inches  in  its  upper  surface. 

In  breadth  ? — In  breadth. 

What  length  ? — Generally  about  eight  or  nine  inches  in 
length. 

How  were  they  set? — All  set  by  hand,  with  the  broadest 
edge  downwards. 

What  class  of  workmen  were  employed  in  setting  the 
pavement? — Labourers  who,  from  long  practice,  had  been 
accustomed  to  it. 

The  upper  part  of  the  pavement,  how  was  that  managed  ? 
— The  paving  was  laid  by  hand ;  the  stones  were  laid  as 
close  as  they  could  in  parallel  layers^  and  after  that  the 
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interstices  were  filled  up  by  small  chippings,  forced  in  by  a 
hammer. 

So  that  the  whole  mass  became  a  solid  compact  body? — 
The  whole  mass  became  a  solid  body. 

No  stone  could  rise  easily  up  ? — No,  it  was  almost  im- 
possible. 

What  sort  of  stones  did  he  use  ? — A  variety ;  it  depended 
on  the  nature  of  the  quarries. 

Was  it  necessary  to  have  it  hard? — Wherever  we  could 
get  it;  it  was  not  necessary  to  have  the  lower  stratum  so 
hard  as  the  upper. 

They  must  be  so  hard  as  not  to  decompose? — Yes,  they 
must 

Wliat  size  did  you  break  the  stones? — So  that  the 
greatest  dimensions  of  the  stones  should  pass  through  a 
ring  two  inches  and  a  half  in  diameter. 

Was  this  the  practice  on  the  Holyhead  road  ? — It  was. 

Do  you  know  when  Mr.  Telford  first  began  in  the 
Holyhead  road? — It  was  in  1815,  I  believe. 

What  is  the  distance  of  what  may  be  called  the  new 
road?— Eighty-seven  miles. 

From  what  point  ? — From  Holyhead  to  Gobowen. 

Is  all  the  road  either  entirely  newly  made,  or  so  changed 
as  to  be  fairly  called  a  new  road? — The  whole  of  it 

Is  all  of  it  paved? — The  whole,  with  scarcely  any 
exception. 

Some  part  of  the  old  road  was  widened  only ;  were  they 
new  paved  ? — Almost  all  of  them,  I  believe,  through  North 
Wales. 

What  is  the  breadth  of  the  road? — ^Varying  from  twenty- 
two  feet,  where  we  have  precipices  or  difficulties  to  over- 
come^ to  thirty-two  feet. 

The  ordinary  breadth  is  thirty-two,  accurately  ? — Yes. 

What  is  the  convexity  ? — Eight  inches. 

Was  that  quite  accurate  so  that  it  would  prove  to  be 
eight  inches  by  using  a  level  when  the  road  was  finished? 

C  C  2 
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— Yes,  we  have  templets  of  the  shape  of  the  road,  but  it  is 
accurately  ascertained  as  the  materials  are  put  down,  the 
road  being  first  levelled,  and  then  measuring  the  depth  of 
the  pavement  at  the  endi  and  the  centre. 

Then  the  road  has  not  the  appearance  of  a  common 
road,  sometimes  high  on  one  side  and  sometimes  low  on 
the  other  ? — No. 

It  is  altogether  a  construction,  as  it  were,  made  on  fixed 
rules,  and  according  to  the  particular  measures  ? — It  is ; 
and  wherever  in  one  part  it  is  narrower  than  others,  it  is 
always  brought  so  gradually,  so  as  to  produce  no  abruptness 
in  the  appearance  of  the  fences. 

Then  when  you  do  reduce  the  breadth  to  twenty-two 
or  any  smaller  breadth  than  thirty-two  feet,  you  continue 
that  until  you  pass  the  ground  which  is  difficult? — We  da 

Is  there  a  uniformity  ? — Always. 

The  fences,  you  say,  are  walls? — Stone  walls. 

Your  convexity  is  not  the  same  when  it  is  narrowed, 
only  proportional  ? — Proportionally  so. 

Then  your  templet  would  be  no  use  there,  because  it 
would  be  too  high — We  principally  use  the  spirit  leveL 

The  road  being  through  a  mountainous  country,  crosses 
a  great  many  small  rivulets  and  streams  ? — Yes. 

In  regard  to  drainage  is  it  perfectly  well  drained  ? — 
Perfectly  well. 

Do  you  find  that  is  the  case  in  very  wet  seasons,  and 
upon  sudden  heavy  falls  of  rain? — I  have  never  yet  found 
any  difficulty  in  getting  the  water  off;  it  is  never  any 
impediment  to  the  travelling. 

Does  it  ever  injure  the  surface  of  the  road,  so  as  to 
carry  away  parts  of  it  ? — Not  of  any  consequence. 

Are  these  pipes  and  small  culverts  and  bridges  built  in 
a  very  strong  manner  ? — Yes,  they  are. 

Were  there  particular  pains  taken  to  secure  the  found- 
ation?— A  great  deal  of  care;  in  many  instances  they 
are  upon  a  rock. 
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Were  they  paved  under,  so  as  to  prevent  the  water 
cutting  under  the  side  walls  ? — All,  except  where  upon  a 
rock. 

A  regular  rule? — A  regular  rule. 

Now,  in  severe  winters,  after  very  long  frosts  and  sudden 
thaws,  does  the  surface  break  up  ? — I  never  saw  an  instance 
of  it  in  any  part  that  had  been  paved. 

That  is  in  such  winters  of  such  severity  that  in  ordinary 
cases  the  roads  generally  break  up  more  or  less  throughout 
the  whole  country? — Where  other  roads  under  my  charge 
have  broken  up. 

Then,  in  summer,  does  the  surface  loosen  and  show 
weakness  ? — No  symptoms  of  weakness ;  occasionally  after 
a  long  continued  dry  season  it  would  show  symptoms  of 
looseness. 

The  stone  will  not  rise  so  as  to  cover  the  surface  ? — No. 

Did  you  ever  find  the  pavement  stone  rise  up  ? — Never. 

Does  the  pavement  serve  in  any  degree  as  a  drain  to 
the  road? — There  is  no  doubt  of  it. 

Have  you  a  communication  between  the  pavement  and 
the  drains  of  the  road  ? — Generally  speaking  we  have. 

In  what  cases  have  you  not? — We  have  not  a  continued 
communication,  but  we  have  loose  materials  of  a  similar 
sort  to  communicate  with. 

You  have  a  sufficient  number  to  carry  off  any  water 
that  collects  on  the  pavement? — Yes. 

As  there  were  stone  walls  there  could  be  no  necessity 
for  ditches  ? — No ;  there  are  ditches  in  some  places,  but 
they  are  of  rare  occurrence;  we  seldom  require  them, 
because  the  field-drains  being  sufficiendy  near,  we  try  to 
communicate  with  them  wherever  we  can;  we  always  drain 
them  to  the  lower  side;  the  greater  portion  of  the  road  is 
on  hanging  ground. 

The  water  that  collects  at  the  upper  part  of  the  road  is 
carried  to  cross  drains  ?: — Carried  across  by  a  drain  below 
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the  road,  and  in  most  places,  where  we  have  banging 
ground,  the  road  is  supported  by  a  breast-wall,  and  the 
water  merely  passes  over  this  breast-wall  into  the  field. 

How  do  you  prevent  the  water  &lling  irom  the  high 
ground  into  the  road? — By  leading  it  in  channels  into  the 
cross  drains. 

There  are  drains  in  the  upper  part  of  the  road  that 
carry  any  water  that  falls  from  the  upper  land  into  the 
cross-drain,  and  keeps  the  water  irom  the  sur&ce? — Yes. 

In  forming  the  road,  in  point  of  fact,  is  it  not  the  case 
that  the  road  is  elevated,  the  surface  of  it,  so  as  to  be 
above,  as  it  were,  the  immediate  ground  that  touches  it  ? — 
It  is  the  case;  we  alwajrs  prefer  raising  the  road  to 
depressing  it 

That  is,  you  always  form  the  road  so  as  to  elevate  the 
sub-soil  of  it  on  which  the  materials  are  put  above  the 
level  of  the  adjoining  field? — As  much  as  we  possibly  can. 

Which  in  itself  is  a  protection  from  mobture  and  wet 
getting  upon  it? — ^Yes. 

Is  there  a  wall  on  each  side  of  the  road  ? — There  is,  for 
nearly  the  whole  way,  except  where  we  cut  through  rock. 

Is  that  wall  on  the  hill  side  somewhat  bastion  fashion,  a 
little  on  a  slope,  so  as  to  act  as  a  buttress? — Mot  a 
buttress ;  but  it  is  wider  at  the  foundation  than  at  the  top. 

The  form  of  the  road,  the  convexi^,  in  fact,  produces  a 
side  channel  towards  the  higher  side  in  which  all  rain- 
water falls  into  the  cross  drain  ? — All  sur&ce  water  runs 
in  the  channel  on  each  side,  close  to  the  wall,  until  it  gets 
to  one  of  the  cross  drains. 

So  that  the  road  is  so  formed  when  crossing  a  sloping 
groimd  that  the  water  cannot  rise  from  the  side  channel 
next  the  hill,  to  the  middle  of  the  road? — It  cannot 

Through  what  does  the  water  escape  when  it  gets  to 
the  position  of  one  of  these  drains ;  how  does  it  find  its 
way;  what  orifice  is  there  at  the  sur&ce? — We  in  general 


APPENDIX,    NO,V.  391 

make  them  communicate  with  the  field  drain;  and  we 
have  an  opportunity  of  joining  them  to  the  field  drains  at 
very  short  distances. 

How  are  the  inlets  to  those  drains  protected  from  the 
silt  choking  them  up  ? — Generally  by  masonry,  or  paving 
the  mouths  with  large  stones. 

Is  there  much  silt  on  the  road? — In  parts. 

What  sort  of  materials  is  the  upper  coating  of;  broken 
stone? — A  good  deal  depends  on  the  rock  through  which 
we  pass ;  we  always  select  the  best. 

Is  it  generally  all  through  very  hard  ? — It  is  of  variable 
quality  in  that  respect. 

Have  you  much  scraping? — Very  little  in  some  parts, 
in  some  parts  none. 

What  makes  the  difference? — The  hardness  of  the  stone, 
and  the  difference  of  the  traffic  upon  it. 

Would  you  say  the  hardness  of  the  stone  made  a  great 
difference  in  the  quantity  of  scraping? — No  doubt 

Is  not  some  part  of  the  road  so  hard  that  it  never 
requires  scraping? — Yes. 

And  is  not  the  stone  much  harder  than  elsewhere  ? — 
The  stone  is  very  good  in  that  place,  but  that  is  not  the 
only  advantage;  it  has  a  good  exposure  to  the  wind. 

What  part  of  the  road  is  it? — Lake  Ogwen. 

Where  have  you  the  most  scraping  to  do? — Between 
Chirk  and  Gobowen. 

What  is  the  material  used  there? — Chiefly  limestone. 

Is  there  a  heavy  carriage  ? — Very. 

What  sort? — Principally  of  coal  and  lime. 

What  is  the  quality  of  the  stone  where  the  scraping  is 
the  least? — Basaltic 

What  is  the  road  across  Anglesey ;  is  that  hard  ? — Yes. 

Is  the  material  hard  there  ? — The  best  I  have  got  on 
the  road. 

What  is  it  between  Corwen  and  Llangollen  ? — Principally 
schistus. 
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Cannot  you  get  harder  stone? — ^Not  without  bringing  it 
from  a  considerable  distance. 

Is  there  much  traffic  there? — A  good  deal;  of  coal 
particularly. 

Have  you  tried  the  newly  invented  scraping  machine  ? — 
I  have,  for  a  short  time. 

How  do  you  find  it  answer*^ — Remarkably  well,  as  far 
as  I  could  judge.  I  do  not  like  to  give  a  decisive  opinion 
on  it  till  I  have  tried  it  longer. 

What  is  it,  as  far  as  you  can  form  your  opinion,  in  point 
of  expense,  with  reference  to  the  usual  mode  of  scraping? 
— I  think  we  shall  be  able  to  scrape  at  half  the  expense. 

What  does  the  machine  cost  ? — Six  guineas  and  a  half. 

One  man  will  do  the  work  of  two  ? — Yes. 

What  is  the  distance  of  the  road  from  Shrewsbury  to 
Holyhead,  which  is  under  the  management  of  the  commis- 
sioners?— There  are  106  miles,  besides  three  miles  of 
branch  road,  that  is  109  altogether. 

This  road  was  formerly,  before  1819,  under  the  manage- 
ment of  separate  trusts? — It  was  under  the  management 
of  seven  separate  trusts. 

By  what  act  was  the  consolidation  effected?  — The 
59  Gea  3.  c  30. 

What  was  the  plan  of  consolidation  with  regard  to  the 
trusts ;  how  was  that  arranged  ? — By  agreement  between 
the  commissioners  and  the  various  trustees. 

The  agreement  had  reference  to  the  debts  ? — Yes. 

And  how  were  the  debts  settled  ? — A  portion  of  the 
debts  belonging  to  each  of  these  seven  trusts  was  placed 
upon  the  Shrewsbury  and  Holyhead  road. 

Those  trustees  had  other  roads  under  their  management, 
besides  the  main  line  of  road  ? — Yes. 

Wliat  is  the  debt  upon  the  road  ? — It  is  about  17,000^ 

Hai  the  interest  been  regularly  paid  since  1819?— 
Regularly. 

Have  the  rates  of  toll  on  this  road  been  much  reduced 
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of  late? — Very  considerably;  perhaps  I  ought  not  to  say 
of  late,  but  soon  after  the  act  of  1819  was  passed,  they 
were  ls.Q<L  for  each  post-horse. 

At  how  many  gates  ? — At  seven  gates,  between  Bangor 
and  Llangollen;  from  that  they  were  reduced  to  Is.  a 
horse,  and  from  that  to  9d,  which  they  are  at  present 

And  have  the  rates  of  toll  upon  stage-coaches  been  re- 
duced ? — Very  materially. 

Distinct  from  post-horses  ? — Distinct  from  post-horses. 

As  to  the  annual  amount  of  tolls  collected,  what  com- 
parison does  the  state  of  the  income  this  year  and  the  last 
bear  with  reference  to  past  years? — The  lettings  of  tolls 
this  year  have  exceeded  any  thing  I  recollect  since  I  have 
been  on  the  road. 

How  much  are  they  beyond  what  they  were  last  year? 
— «^670. 

Have  the  tolls  of  the  Menai  Bridge  become  increased 
this  year  ? — Very  much. 

How  much  ?— ^300. 

What  is  the  annual  amount? — The  present  letting  is 
1,025/. 

From  the  time  that  you  have  been  employed  on  roads, 
you  are  acquainted  with  roads  that  are  not  made  with  the 
regular  pavement,  are  you  ? — Yes,  I  am. 

What,  in  your  opinion,  from  your  practice,  would  you 
say  was  the  diiFerence,  with  regard  to  the  object  of  having 
a  good  road,  between  the  system  of  the  road  made  with  a 
foundation  of  pavement,  and  one  made  by  broken  stones 
on  a  sub-soil,  as  regards  the  object  of  a  good  road  gene- 
rally ? — Decidedly,  I  prefer  a  pavement. 

With  r^ard  to  expense? — With  regard  to  expense,  I 
have  no  doubt  it  would  be  cheaper. 

Do  you  find  the  sur&ce  materials  wear  longer  when 
they  are  laid  upon  a  paved  bottom  than  when  they  are 
laid  on  a  sub-soil  ? — I  have  scarcely  had  an  opportunity  of 
judging  as  to  the  comparative  diiference. 
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Upon  your  road  you  have  no  means  of  making  that  com- 
parison ? — I  have  not. 

I  think  you  stated  that  a  paved  road  is  cheaper,  and 
wears  longer,  and  yet  I  think  in  a  former  part  of  your  evi- 
dence, about  a  quarter  of  an  hour  ago,  you  said*the  breadth 
was  thirty-two  feet,  and  you  have  given  to  the  middle  six- 
teen feet  If  it  is  harder,  more  durable,  and  cheaper, 
why  do  you  not  make  the  whole  road  so  ? — I  believe  it  is 
stronger  and  cheaper. 

Then  why  not  make  the  whole  road  so?— It  is  cheaper 
than  breaking  an  equal  quantity  of  stone.  Say  I  make 
my  road  with  materials  a  foot  in  depth;  if  I  broke  that 
foot  in  depth  I  could  pave  it,  and  metal  it  with  six  inches 
at  the  top  cheaper  by  one  third  than  I  could  break  the 
whole  of  it 

With  regard  to  paving  sixteen  feet  in  breadth,  have  not 
the  roads  recently  made  by  Mr.  Telford  in  England  where 
the  traffic  is  considerable  been  paved  from  side  to  side, 
that  is  thirty  feet  wide  ? — In  two  instances,  where  I  have 
made  roads  under  Mr.  Telford,  they  have  been  paved 
across  from  side  to  side. 

Suppose  a  road  paved  across  from  side  to  side,  and 
coated  with  broken  stones  from  side  to  side,  would  you 
say  that  such  a  road  might  be  made  cheaper  with  a  found- 
ation of  pavement  than  with  broken  stone  laid  upon  the 
surface,  supposing  the  thickness  of  the  road  of  broken 
stone  to  be  about  ten  inches  ? — I  am  convinced  it  would 
be  cheaper. 

Have  you  made  a  calculation  upon  that  point? — I  have; 
the  average  price  paid  for  good  stone  in  the  county  of 
Anglesey  is : 

Quarrying,  per  cubic  yard  -  -       0     8 

Breaking,  per       ditto         -         -        -       1   10 

Total  for  quarrying  and  breaking      2     6 
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The  expense  of  paving  the  middle  sixteen  feet  in  the 
usual  way,  with  six  inches  of  broken  stone  on  it,  will  be, 
per  yard  lineal,  Ss.  0\d. 

The  same  width  and  depth  of  materials,  but  the  lower 
six  inches  broken  instead  of  being  laid  as  a  pavement,  will 
be,  per  yard  lineal,  As.  44^ 

The  same  width  without  pavement,  but  having  ten 
inches  in  depth  of  broken  stone^  will  be,  per  lineal  yard, 
ds.  8id. 

In  the  latter  case  there  will  be  a  saving  of  one  third  of 
a  cube  yard  of  stone,  which,  supposing  the  cartage  to  be 
worth  9d.  per  yard  cube,  will  reduce  the  cost  2d.  per  yard 
lineal 

What  is  the  composition  of  the  other  part  which  is  not 
paved  ? — The  upper  part  is  of  broken  stone. 

To  what  depth  ? — Six  inches. 

In  your  calculations  do  you  confine  yourself  to  the  six* 
teen  feet? — Ida 

It  is  nothing  to  say  there  is  the  side  between  the  sixteen 
feet  and  the  fences? — That  is  of  no  consequence;  the  same 
proportion  will  go  through  the  whole. 

That  is,  a  road  sixteen  feet  wide  made  with  a  pavement, 
will  be  cheaper  than  a  road  sixteen  feet  wide  made  with 
broken  stones  ? — Yes. 

If  you  double  the  depth  it  will  of  course  be  still  ^cheaper  ? 
—Yes. 

If  you  were  to  make  a  road  now,  would  you  make  it 
sixteen  feet  or  thirty-two  feet  ? — I  would  make  it  thirty- 
two  feet  if  I  had  plenty  of  materials. 

Would  that  not  depend  on  the  traffic  ? — It  would  a  good 
deal. 

In  the  greater  part  of  Wales  the  breadth  of  sixteen  feet 
will  be  sufficient  for  the  traffic  when  the  road  was  first 
made  ? — It  was. 

Have  you  not  by  degrees  strengthened  the  sides  ac- 
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cording  as  you  have  had  funds? — Nearly  the  whole  of 
them. 

That  is,  you  have  laid  on  coats  of  stone^  and  brought 
them  to  be  at  present  in  a  perfectly  solid  state? — Yes. 

As  this  happens  to  have  been  an  old  system  (for  I  see 
here  in  1819  the  following  question  put;  ^'  Is  not  a  road 
constructed  with  a  roadway  of  sixteen  feet  breadth  of  solid 
materials,  and  with  six  feet  on  each  side  of  that  with 
slighter  materials,  a  sufficient  road  for  the  general  pur- 
poses of  country  travelling?"  this  being  before  the  Com- 
mittee in  1819),  if  the  old  system  works  so  well,  how  comes 
a  new  system  to  be  so  generally  adopted  of  laying  the 
stones  on  the  road,  such  as  we  see  in  Oxford-street,  with- 
out any  sub-pavement? — That  I  am  not  able  to  account 
for. 

Would  not,  in  your  opinion,  Oxford-street  be  a  better 
street,  and  the  materials  wear  less  quickly  out,  if  there  was 
a  pavement  laid  down  before  the  broken  stones  were  laid 
on? — Yes;  I  noticed,  going  down  Whitehall,  that  that 
road  is  irregularly  sinking.  I  can  only  account  for  that 
from  the  weakness  of  its  foundation. 

How  can  you  account  for  the  great  quantity  of  dirt  that 
you  see  on  the  surface  of  the  London  streets,  except  by 
the  working  up  of  the  dirt  below  ? — I  cannot  account  for 
it,  except  from  the  constant  traffic  over  it 

When  small  stones  are  laid  upon  a  soil,  is  it  not  the 
case  that  they  sink  into  the  soil,  and  the  soil  rises  up 
between  them  ? — It  naturally  must,  if  they  are  thin. 

When  you  talk  of  a  road  being  sixteen  feet  wide  in  the 
middle  upon  a  total  breadth  of  thirty-two  feet,  how  do 
you  support  the  pavement  on  the  sides ;  how  do  you  keep 
that  pavement  in  its  place? — Tlie  materials  are  sufficient; 
all  the  stones  are  placed  lengthways;  their  abutment  is 
chiefly  against  each  other. 

What  is  the  abutment  of  each  extremity? — It  does  not 
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require  an  abutment;  it  would  support  itself;  we  place 
each  stone  with  the  largest  end  downwards. 

Does  the  road  want  an  abutment  on  each  side  ? — I  do 
not  consider  that  it  does. 

Do  you  consider  a  road  to  be  in  the  nature  of  an  arch  ? 
—  I  do  not 

Why  is  it  that  the  stones  at  the  extremity  of  each  of 
these  parallel  lines  do  not  give  way  in  case  of  any  regular 
pressure  upon  them? — If  the  pressure  was  lateral,  they 
would  give  way ;  but  the  pressure  is  vertical 

The  Holyhead  Road,  I  believe,  was  made  by  grants  of 
public  money  from  Parliament? — It  was. 

Were  those  grants  sufficiently  large  to  admit  of  such  an 
extent  of  road  being  made,  so  as,  in  the  first  instance,  to 
make  it  all  a  pavement  from  side  to  side  ? — No. 

Was  that  the  reason  Mr.  Telford  proceeded  on  the  plan 
of  paving  only  sixteen  feet  in  the  middle,  in  the  first 
instance  ? — That  is  the  only  reason  I  ever  heard  assigned* 

As  soon  as  the  different  parts  of  the  road  have  been 
finished,  according  to  the  plan  on  which  they  were  ori- 
ginally constructed,  have  not  the  side  parts  between  the 
fences  and  the  paved  part  been  brought  into  a  perfectly 
solid  state  by  continually  laying  on  fresh  coatings  of 
broken  stones  ? — It  has. 

So  that  the  whole  road  now  firom  side  to  side  is  a  per- 
fectly solid  road  ? — Yes,  with  very  trifling  exceptions. 

Are  the  side  parts  of  the  Holyhead  Road  so  hard  as 
what  may  be  considered  a  good  turnpike  road  ? — No,  I  do 
not  think  they  are ;  they  are  less  worn ;  there  is  less 
traffic  on  the  sides  than  in  the  centre. 

Originally  the  side  parts  were  made  of  six  inches  of 
broken  stone  or  rubbish  ? — Yes,  generally. 

And  you  have  been  continually  laying  fresh  broken 
stones  upon  it? — Where  we  found  places  show  symptoms 
of  being  soft,  we  cut  out  the  clay,  or  whatever  it  might  be, 
and  substituted  good  broken  stones. 
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How  deep  would  you  put  layers  of  broken  stones  ?— 
Generally  about  three  inches  m  depth. 

Have  you  laid  broken  stones,  so  as  to  keep  the  surface 
perfectly  hard  and  free  from  dirt? — ^Yes,  we  have. 

You  do  not  find  it  work  through? — Occasionally  we 
have. 

Do  you  find,  practically,  that  almost  all  the  traffic, 
almost  every  carriage  that  runs  on  the  road,  runs  upon 
the  sixteen  feet  in  the  middle? — It  does;  wherever  I  have 
seen  an  instance  of  cutting  into  the  sides,  it  has  been  from 
putting  fresh  materials  in  the  centre,  that  they  go  on  the 
side  to  avoid  it. 

In  point  of  fact,  the  centre  part  of  sixteen  feet  answers 
the  purpose  of  affording  to  carriages  the  advantages  of  a 
solid  road  and  easy  draft  to  the  horses  ? — It  does. 

As  to  the  elasticity  of  the  road,  do  you  consider  there 
should  be  any  elasticity  ? — Decidedly  not 

What  do  you  define  to  be  an  elastic  road  ? — A  road  that 
will  give  way  under  any  weight  that  is  passing  over  it. 

You  would  not  define  any  of  those  roads  which  do  not 
jrield  to  be  elastic  roads  ? — No. 

You  would  not  define  Oxford  Street  to  be  an  elastic 
road  ? — I  have  no  means  of  ascertaining  that 

What  would  you  consider  your  own  road  ? — Certainly 
not  elastic. 

Did  not  Mr.  Telford  employ  the  plan  of  paving  in  order 
to  destroy  all  elasticity  as  much  as  possible  ? — ^Yes. 

I  see  Mr.  M'Adam  says,  that  ^'  wherever  a  road  is  on 
a  hard  foundation,  the  road  wears  much  sooner  than  placed 
on  a  soft  substance?' — I  never  found  an  instance  of 
that 

You  do  not  think  materials  are  more  likely  to  wear  on 
a  hard  substance  than  a  soft  ? — They  do  not,  if  there  is 
a  good  body  of  them. 

Supposing  you  wanted  to  crush  a  lump  of  sugar,  would 
you  not  put  it  on  a  marble  slab  ? — Yes ;  but  if  I  did  not 
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want  to  crush  it,  I  should  put  other  lumps  by  the  side 
of  it 

Are  you  not  of  opinion  that  if  you  have  a  quantity  of 
broken  lumps  of  sugar,  and  you  put  them  on  a  piece  of 
dough,  they  would  be  much  less  likely  to  crush  than  if 
you  put  them  on  stone  ? — Yes ;  they  would  sink  into  the 
dough. 

How  long  have  you  been  a  surveyor  on  the  Holyhead 
Road  ? — Ten  years. 

Have  you  had  much  experience  of  the  crushing  of 
materials  on  roads  so  as  to  be  able  to  state  whether  they 
are  liable  to  be  crushed  on  a  paved  bottom  ? — We  keep  it 
too  well  coated  to  give  it  an  opportunity. 

From  your  experience  there  is  not  any  foundation  what- 
ever for  the  common  notion  that  stones  are  crushed  and 
destroyed  when  there  is  a  pavement  between  them  and  the 
soil  ? — lliere  is  not  when  there  is  a  good  body  of  materials 
on  the  pavement 

What  number  of  cubic  yards  per  mile  do  you  use  upon 
the  Anglesey  Road  for  the  common  repairs  of  it  ? — Ninety- 
six  yards  were  last  year  put  on  it 

And  that  kept  the  road  up  ? — Yes. 

There  is  a  good  deal  of  travelling  over  this  ? — There  is 
a  good  deal,  but  I  can  hardly  call  it  very  considerable. 

How  many  coaches  pass  it  every  day? — Four  each  way 
daily  ;  two  mails  and  two  coaches. 

Nothing  else  ? — No  more. 

Are  there  not  lime  carriages  ? — Yes,  lime  and  coal. 

What  is  the  quantity  of  materials  you  put  on  per  mile 
between  Bangor  and  Cemioge  ? — Seventy-three  yards  per 
mile. 

That  keeps  the  road  in  perfect  order? — It  is  in  beautiful 
order. 

Where  you  have  more  traffic,  namely,  from  that  point  to 
Chirk,  what  is  the  quantity  of  materials  you  put  on  per 
mile  ? — One  hundred  and  sixty-two  yards  per  mile. 
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It  is  with  those  quantities  that  you  keep  the  Holyhead 
Road  in  that  order  which  every  body  admits,  generally 
speaking,  to  be  very  good  ? — It  is. 

You  do  not  find,  in  point  of  fact,  that  sort  of  crushing 
takes  place  which  destroys  the  materials  very  rapidly  ? — 
No,  I  think  quite  the  reverse. 

There  is  no  regular  laying  on  of  this  162  yards  per 
mile ;  they  are  all  laid  on  according  to  the  exigencies  of 
the  place  ? — Just  as  they  are  wanted. 

No  regular  three  or  four  inch  layers  ? — No. 

Is  the  road  kept  up  to  a  proper  degree  of  thickness  ? — 
I  have  every  reason  to  believe  it  is. 

There  is  no  wearing  on  the  road  ? — No. 

Have  you  had  any  opportunity  of  making  a  comparison 
of  materials  ? — No. 

What  is  the  effect  of  an  elastic  road  on  the  draught ;  do 
you  consider  it  increases  the  labour  ? — Yes. 

You  stated,  if  I  understand  you  right,  that  the  putting 
hard  materials  upon  a  hard  road  did  not  occasion  the 
crushing  of  those  materials ;  I  ask  you,  from  your  own 
observations  in  this  town,  if  you  were  to  put  a  bushel  of 
those  pieces  of  broken  granite  in  the  middle  of  Oxford 
Street,  would  they  or  would  they  not  be  crushed  ?  Let 
us  assume  a  bushel  of  broken  granite  to  be  laid  down 
without  any  picking  it,  that  it  may  amalgamate  with  the 
other,  put  that  bushel  of  broken  granite  upon  a  granite 
pavement,  and  let  the  traffic  go  on  it,  would  not,  in  the 
course  of  half  an  hour,  those  stones  be  crushed  ? — A  great 
many  of  them  would,  no  doubt. 

Would  you,  as  an  engineer,  do  such  a  thing  as  lay  a 
bushel  or  two  of  stones  in  the  streets  ? — Decidedly  not 

Why  would  you  not? — If  I  understand  your  question, 
the  only  reason  that  I  could  put  that  quantity  on  was,  that 
there  was  some  little  part  that  was  out  of  shape. 

If  you  had  to  repair  the  streets  of  London,  you  would 
put  on  a  sufficiently  thick  coat  to  prevent  the  crush  that 
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would  take  place,  and  not  put  it  a  single  coat  thick  ? — 
Yes. 

Does  it  not  strike  you,  that  before  you  put  this  bushel 
of  broken  stones  or  any  quantity  of  broken  granite  on  the 
road,  that  you  would  pick  up  the  road,  in  x)rder  to  present 
a  surface  for  the  stones  that  they  might  sink  in  ? — I  always 
put  it  on  when  the  road  is  soft. 

You  do  not  mean  otherwise  soft  than  just  during  the 
wet  season? — I  always  put  them  on  in  the  wet  season. 

Why  do  you  put  them  on  in  the  wet  season  ? — Because 
I  always  find  the  stones  will  bind  much  better. 

Do  you  not  mean  to  say  by  binding,  that  there  is  a  soft- 
ness of  surface,  occasioned  by  the  moistness,  so  that  they 
sink  in  more  easily  by  pressure^  and  avoiding  the  crush  ? — 
There  is  a  greater  degree  of  softness  in  wet  weather  than 
dry  weather;  they  get  better  hold  of  the  road  in  the  wet 
season  than  in  the  dry. 

You  have  observed  that  in  London  the  practice  is, 
before  they  lay  on  a  coating  of  broken  stones,  to  pick  up 
an  inch  or  two  ? — ^Yes. 

Is  not  that  an  expensive  process  ? — I  conceive  very  much 
so. 

It  is  a  difficult  process,  is  it  not  i  a  man  cannot  get  on 
so  fast  ? — ^Yes. 

Therefore  a  considerable  expense  is  incurred  by  the 
operation  of  picking? — Yes. 

Is  there  not  also  a  great  waste  of  materials  by  striking 
the  surface  with  the  pickaxe  ? — I  should  certainly  suppose 
so. 

Then  in  point  of  fact  the  operation  is  of  a  very  expensive 
character  ? — ^Yes. 

In  your  practice^  you  say  you  do  not  have  recourse  to 
it;  that  you  lay  on  the  materials,  when  the  road  requires 
repair,  in  the  wet  season ;  and  do  you  find  it  bind  perfectly 
well  without  ? — Yes,  1  do. 
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In  point  of  fact  from  your  experience  in  repairing  this 
long  line  of  road,  there  is  no  occasion  for  this  expensive 
operation  ? — I  never  find  that  there  is. 

In  some  parts  of  the  road  I  believe  there  is  considerable 
traffic,  which  would  show  if  there  was  any  reason  for  the 
course  being  adopted  that  is  adopted  in  London,  in  order 
to  prevent  what  is  conceived  to  be  the  crushing  of 
materials;  there  is  as  much  traffic  in  parts  of  the  road 
where  the  coal  carriages  go,  as  in  some  parts  of  the 
streets  of  London  ? — I  should  think  so,  very  nearly. 

When  you  spoke  of  putting  on  the  materials  in  wet 
weather,  is  it  because  the  surface  is  soft  at  that  time  ? — It 
is  not;  it  is  because  the  materials  are  less  firmlv  bound 
togetlier  in  wet  weather,  and  more  easily  allow  the  new 
coating  to  sink  into  the  road  than  in  dry  weather. 

It  is  not  soft  ? — It  is  not  in  a  state  of  mud. 

It  is  so  far  less  hard  than  in  dry  weatlier,  as  is  natural 
from  rain  falling  upon  it? — Yes. 

What  is  your  object  then,  in  putting  this  material  on  it 
in  wet  weather,  if  it  is  not  a  softer  substratum  ? — Because 
it  is  easier  to  get  it  to  set  amongst  the  other  stones. 

It  is  necessary  to  have  a  thicker  coat  of  materials? — I 
never  adopt  that  proceeding  of  picking  up  the  stones. 

What  is  your  rule  with  regard  to  the  time  of  year  in 
which  you  make  your  repairs  by  laying  on  new  coatings  ? — 
I  always  begin  in  September,  that  I  may  have  the  advantage 
of  all  the  wet  weather  to  consolidate  and  to  set  the 
materials ;  I  never,  when  I  can  avoid  it,  put  a  particle  of 
stone  on  the  road  in  the  summer. 

You  put  it  on  in  that  time  of  the  year  that  the  sub- 
stratum may  be  soft,  and  by  that  means  these  stones  may 
unite  with  the  crust ;  assuming  tliat  you  have  ever  such 
wet  weather,  and  you  were  to  lay  stones  upon  this  table, 
and  all  the  rain  of  heaven  came  down  upon  these  nine 
inches  of  granite  stone  or  basaltic  stone;  if  nine  inches 
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were  put  upon  this  table,  and  it  was  exposed  to  the  weather 
for  sixteen  years,  would  they  ever  unite  together? — I  never 
put  stones  on  a  pavement  such  as  this  table,  they  would 
keep  moving  round. 

Do  you  mean  that  hard  granite  on  a  substance  like 
this  would  bind  together? — By  their  own  pressure  they 
would;  all  stones  bind  by  crushing  together. 

What  is  your  practice,  supposing  you  have  to  make  a 
road  over  a  rock  ? — We  usually  level  it  as  well  as  we  can ; 
we  never  can  get  it  to  a  perfectly  level  surface ;  we  level 
it  first  by  quarrying  and  getting  it  into  the  general  shape 
we  want  for  the  road;  upon  that  we  occasionally  have 
paved,  but  generally  the  practice  is  to  break  the  stones 
and  then  to  lay  a  body  of  eight  or  nine  inches  of  them  on 
the  top  of  it.  Where  we  do  not  pave  we  always  give  a 
greater  thickness  of  broken  stone  upon  it 

You  do  pave  over  the  rocks  ? — In  many  instances  we  do. 

If  you  have  a  perfectly  flat  hard  surface  of  rock,  you 
would  pave  on  that? — Yes. 

Whv  ? — Because  the  flat  smooth  stone  would  allow  of 
motion  upon  it ;  the  generality  of  rocks  we  blast  have  a 
good  rough  surface. 

Have  you  formed  any  opinion  as  to  the  different  force 
required,  or  the  labour  of  horses  in  drawing  carriages 
over  roads  made  with  pavements  and  made  without  them  ? 
— I  should  think  it  would  be  less,  but  that  is  merely  matter 
of  opinion. 

Have  you  ever  had  any  opportunity  of  seeing  any 
statement  upon  that  subject? — I  have. 

Where  have  you  seen  it? — In  some  of  the  Holyhead 
Road  Reports.  I  think  in  the  last  made  by  Mr.  Telford, 
there  is  a  statement  of  some  experiment  made  by  a  machine 
of  Mr.  MacneilFs  invention. 

Do  those  experiments  show  a  difference  of  draught  ? — ' 
As  far  as  I  can  recollect,  they  show  a  difference  in  favour 
of  the  paved  system. 
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Are  you  aware  that  Mr.  M^Adam  said,  that  in  a  road 
near  Bristol  the  expenditure  was  seven  on  a  hard  surface 
in  comparison  to  five  on  a  soft,  the  soft  being  over  a  bog? 
— I  never  heard  tliat. 

Your  experience  does  not  accord  with  that  view  of  the 
case? — No. 

In  proportion  that  materials  wear  longer  by  being  on 
bog,  would  that  occasion  such  a  degree  of  elasticity  as 
would  add  greatly  to  the  labour  of  the  horses  in  drawing 
a  carriage  over  a  road  of  that  kind  ? — Yes. 

Is  not  the  proper  object  of  a  good  road  to  reduce  as 
much  as  possible  the  labour  of  horses  upon  it? — Yes. 

You  have  stated  tliat  the  draught  is  harder  for  horses 
on  an  elastic  road  ? — Yes. 

In  what  way? — Because  the  weight  to  be  moved  is 
constantly  in  a  hole. 

What  do  you  define  an  elastic  road  to  be? — An  elastic 
road  I  consider  to  be  that  which  will  give  way  by  pressure, 
and  rise  again  to  its  original  position  when  the  pressure  is 
removed. 

Do  you  consider  the  road  in  Oxford  Street  to  be  an 
elastic  road? — I  do  not  know  whether  I  could  call  it 
elastic,  I  know  so  little  of  Oxford  Street 

Generally  speaking,  you  define  an  elastic  road  to  be 
one  that  yields  to  pressure.  Do  you  consider  tlien  that 
such  a  road  as  you  have  called  a  pavement  road,  but 
which  in  fact  ought  to  be  called  a  laid  road,  do  you  con- 
sider these  laid  roads,  to  which  you  have  been  alluding 
are  or  are  not  elastic  ? — I  do  not  consider  them  elastic ; 
at  least  they  must  be  possessed  of  very  much  less  elasticity 
than  the  broken-stone  road. 

Have  you  at  all  considered  the  eligibility  of  consolidating 
the  trusts  and  the  funds  of  trustees  of  roads? — I  have 
considered  it,  though  perhaps  not  very  maturely. 

Do  you  consider  it  advisable? — I  do. 

I  think  your  road  is  100  miles  in  length? — ^Yes. 
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Do  you  think  that  in  consolidation  it  is  advisable  to 
consolidate  one  great  length  of  road,  or  roads  round  a 
centre  ? — I  should  say  one  great  leading  road. 

Would  you  give  your  reasons  for  that? — Because, 
generally  speaking,  if  you  take  some  one  leading  road, 
there  is  a  greater  quantity  of  traffic,  and  it  requires  a  dif- 
ferent mode  of  management  to  side  roads ;  there  would 
be  less  material  required,  and  less  care  would  do  for  a  side 
road  than  would  be  necessary  for  an  extensive  road,  such 
as  the  Holyhead  road. 

Supposing  the  present  Holyhead  road  be  left  as  it  is, 
what  species  of  consolidation  do  you  think  might  be  applied 
to  the  other  roads  that  branch  out  of  it? — I  do  not  think 
I  am  capable  of  answering  that  question. 

You  are  not  aware  that  there  are  any  roads  which  could 
be  advantageously  united  to  the  roads  you  are  at  present 
employed  upon  ? — I  am  not 

You  have  not  turned  your  attention  to  the  subject  of 
substituting  some  other  mode  of  revenue  than  tolls  ? — It  is 
a  subject  that  I  have  sometimes  considered,  and  I  think 
no  other  mode  could  be  devised  better  than  the  present. 

Have  you  thought  anything  as  to  the  proposition  of 
employing  persons  engaged  on  the  roads  in  the  police? — 
I  should  not  like  my  men  to  be  turned  into  constables. 

Why  not  ? — I  should  think  they  could  not  do  their  duty 
in  both  capacities ;  they  would  be  taken  away  for  various 
purposes  unconnected  with  their  duty  to  the  roads. 

Would  it  not  produce  a  great  derangement  in  the 
management  of  the  work  ? — I  think  it  would. 

Could  you  obtain  as  much  work  from  your  labourers  if 
they  were  allowed  to  act  as  police  as  you  now  da  as  la- 
bourers only  ? — I  think  they  would  be  often  taken  away 
from  their  work  to  act  as  police  officers. 

Could  you  exercise  so  much  control  over  them  as  to 
secure  proper  attention  to  the  work  which  they  have  to 
perform? — I  should  very  much  doubt  that. 
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Workmen  come  at  a  certain  liour  in  the  morning  and 
leave  at  a  certain  hour  in  the  evening ;  could  you,  as  a 
responsible  servant  to  the  commissioners,  get  as  much 
labour  done  by  your  labourers  as  you  do  now,  if  those 
labourers  were  also  employed  in  the  police  ? — I  should  be 
afraid  not 

Then,  in  point  of  fact,  this  plan  of  making  them  a  police 
would  be  an  additional  expense  to  the  commissioners? — 
Yes,  I  conceive  it  woiJd. 

And,  at  the  same  time,  render  the  labourer  less  eflB- 
cient? — Less  efficient. 

You  mean  to  say,  that  if  they  were  taken  from  their 
work  they  could  not  do  so  much  work  for  you  ? — They 
could  not. 

Have  you  at  all  turned  your  attention  to  the  question 
whether  or  not  it  would  be  advantageous  to  the  public  to 
have  such  a  system  of  road  constables  by  paying  a  little 
more  additional  to  those  individuals,  and  to  take  them  off 
their  work  if  it  was  required,  which  might  not  be  often  ? 
Have  you  turned  it  at  all  in  your  mind  whether  such  a 
system  might  be  adopted  with  benefit  to  the  country  ? — I 
feel  convinced  it  would  be  of  no  use  on  the  road  on  which 
I  am  engaged,  at  all  events. 

Are  the  circumstances  of  the  country  between  Chirk 
and  Holyhead  such  as  to  require  any  scheme  of  this  sort 
of  having  a  road  police  ? — Decidedly  not. 

Would  they  have  any  tiling  to  do  ? — Nothing. 

Then  how  would  they  be  taken  away  from  the  road  ? — 
They  might  occasionally,  but  it  would  be  trifling ;  I  do  not 
think  I  should  be  so  exclusively  their  master  as  I  am  now. 

^I^y^  you  admit  it  would  be  an  additional  expense, 
tlierefpre  it  would  be  an  additional  benefit  to  these  men ; 
you  then  say,  that  if  they  were  taken  off  their  work  they 
would  do  less  work ;  you  say  afterwards,  they  would  have 
Xiothing  to  do  as  policemen,  and  therefore  the  natural 
result  is,  they  would  not  have  to  be  taken  off  their  work ; 
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and  then  you  admit  they  would  have  a  little  more  pay,  and 
you  say  that  they  would  be  less  under  your  control  ? — I 
was  wrong  in  saying  they  would  have  nothing  to  do;  I 
think  they  would  have  very  little  to  do. 

In  point  of  fact,  the  relative  situation  that  you  would 
stand  in  with  regard  to  them,  as  the  employer  of  them,  in 
the  name  of  the  commissioners,  would  be  totally  changed ; 
that  is,  you  would  not  have  the  same  facility  of  selecting 
your  men,  or  of  removing  and  dismissing  them? — I  should 
not.  And  there  is  another  point ;  most  of  my  men  work 
by  contract ;  you  could  not  take  them  away  from  their 
contract  work,  and  make  them  act  as  constables. 

How  many  labourers  are  generally  employed  on  the 
road  ? — About  117. 

Are  they  principally  employed  by  contract  ? — I  should 
say  two  thirds,  at  least 

Through  the  year  ? — Through  the  year. 

In  what  way? — Breaking  stones  by  contract;  scraping 
the  roads  by  contract. 

Then,  in  point  of  fact,  you  do  find  this  to  be  an  econo* 
mical  and  efficient  method  of  carrying  on  the  business  of 
the  road? — I  do. 

More  than  by  employing  day  labourers? — Yes. 

Introducing  this  system  of  police  would  be  a  derange* 
ment  of  this  plan  of  contract  which  you  have  found  so 
effectual  ? — Yes. 

How  do  you  make  that  out  ?  If  your  men  work  by 
contract,  and  you  pay  them  so  much  for  so  much  broken 
stones,  if  they  are  taken  off  that  work  they  do  less  by 
contract,  and  you  pay  them  less ;  how  is  it  possible  you 
can  make  out  that  you  lose  by  it,  or  that  it  would  be 
inconvenient? — Because  the  men  would  give  up  their 
contracts ;  they  would  not  be  annoyed  in  this  manner ;  it 
would  entirely  derange  our  system ;  somebody  must  pay 
them  for  lost  time. 
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You  State  that  tliese  men  are  men  who  work  by  contract, 
therefore  you  only  pay  them  in  proportion  to  what  they 
do;  then  you  turn  round  and  say,  that  those  men,  if 
employed  elsewhere,  would  be  dissatisfied,  because  thej 
would  not  be  able  to  fulfil  their  contracts;  but  would 
they  not  get  remuneration  ?  If  a  man  gets  Ss.  a  wedc 
more  for  being  a  police  constable,  and  gets  Is.  less  a  week 
by  contract,  why  should  you  be  dissatisfied,  or  why  should 
he? — Because  it  would  take  that  Is.  away  from  the  trust 
fund;  we  should  have  to  pay  that  man  for  acting  as 
constable,  and  while  he  was  acting  as  constable  he  would 
be  neglecting  our  work;  it  would  be  giving  each  man 
two  employers. 

Suppose  your  men  were  liable  to  be  called  away  for  any 
other  duty,  could  you  undertake  to  say  you  could  discharge 
your  orders  as  punctually  and  as  effectually? — I  could 
not 

Do  you  mean  to  say,  if  any  of  your  men  got  drunk,  and 
did  not  fulfil  their  contract,  that  would  put  you  or  the 
road  to  any  inconvenience  ? — It  certainly  would,  though 
we  do  not  pay  them  for  dnmkenness. 

If  any  of  your  men,  in  consequence  of  getting  drunk, 
could  not  fulfil  their  contract  on  that  day,  do  you  mean 
to  say  that  a  loss  of  that  man's  contract  for  a  day  would 
be  an  inconvenience  to  your  trust  ? — Not  that  individual 
man,  because  I  could  get  another  man  to  do  his  work. 

Then  supposing  this  man  was  called  on  to  act  as  a 
police  constable,  and  did  not  do  his  work  for  one  day,  how 
could  it  be  any  inconvenience  to  you  ?— I  conceive  that  I 
should  have  that  man's  wages  to  pay. 

But  you  said  just  now  you  paid  by  contract? — If  I  do 
not  pay  him,  who  does  ?  Somebody  must  pay  him. 

We  are  speaking  of  this  man  who  does  your  work  by 
contract ;  if  he  does  not  fulfil  his  contract  you  do  not  pay 
him  ? — No. 
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Then  how  can  you  say  you  have  got  to  pay  him  if  he  is 
off  the  road  ? — If  we  did  not  pay  him  it  would  make  no 
difference. 

Suppose  a  labourer  was  appointed  to  act  as  constable^ 
and  that  in  consequence  the  power  of  dismissing  him 
was  taken  away  when  you  thought  proper,  would  not 
that  be  attended  with  very  great  inconvenience? — De» 
cidedly. 

Could  you  manage  your  labourers  if  you  had  not  the 
power  of  instantly  dismissing  any  of  them  ? — No. 

Then  any  plan  of  interference,  by  appointing  labourers 
to  act  as  policemen,  must,  necessarily  lead  to  that  incon- 
venient consequence? — If  it  prevented  me  having  the 
power  of  dismissing  them,  it  would. 

John  M'Neill,  Esq.,  Civil  Engineer,  (employed  on  the 
Holyhead  Road  under  the  Commissioners  of  Woods  and 
Forests,)  called  in  and  examined. 

Have  you  made  improvements  in  your  instrument  for 
trying  the  draughts  of  carriages  on  roads  ? — Yes ;  I  have 
one  now  under  construction  that  will  be  very  superior  to 
those  I  first  constructed,  as  that  required  a  professional 
man  to  work  it,  and  take  down  the  results.  In  the 
present  one,  if  you  send  it  along  the  road  by  a  common 
servant,  you  can  get  a  complete  and  exact  state  of  the 
road;  as  to  its  resistance  to  draught,  and  the  power 
required  to  draw  a  carriage  over  it,  and  whereabouts  that 
power  is  exerted,  where  it  is  out  of  repair,  and  where  it  is 
in  a  good  state ;  it  will  mark  the  precise  situation  of  that 
part  of  the  road. 

How  is  this  information  given  ?— By  a  line  drawn  on  a 
sheet  of  paper  by  a  pencil. 

As  the  carriage  moves  along  ? — Yes. 

Are  you  still  satisfied  of  the  principle  of  your  machine 
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being  a  correct  one,  as  to  ascertaining  the  draughts  of 
carriages? — I  am  quite  certain  of  its  being  perfectly* 
correct,  for  we  have  tried  it  in  some  cases,  and  compared 
it  with  a  weiglit  lianging  over  a  pulley,  and  the  results 
were  the  same.  It  is  only  in  certain  cases  where  a  weight 
over  a  pulley  could  be  applied;  it  could  not  be  done 
practically  over  a  road  of  any  length. 

Has  anything  occurred  as  to  tlie  soundness  of  your 
principle  lx?ing  controverted  by  other  engineers  ? — Na 

Is  it  generally  adopted  by  them  as  a  correct  machine  ? 
— Yes,  and  referred  to  in  very  many  cases.  In  France 
there  has  been  a  petition  to  the  Chamber  of  Deputies, 
founded  on  my  experiments,  relative  to  the  mode  of 
ascertaining  the  draught  of  carriages,  and  the  saving  by 
using  springs. 

You  were  the  author  of  that  algebraical  calculation 
delivered  in  the  Lords? — ^Yes. 

Does  it  correspond  with  tlie  results  made  by  the  ma- 
chine?— It  was  founded  on  experiments  made  by  the 
machine;  it  was  a  formula  that  would  give  the  power 
required  to  draw  a  carriage  over  a  road  in  a  section  of 
diat  road,  from  data  determined  by  experiments  made  by 
the  machine. 

Is  your  machine  calculated  to  give  the  draught  on 
setting  the  body  in  motion,  or  when  it  is  in  motion  ? — 
Both. 

Then  it  would  appear  that  your  former  calculations,  as 
to  different  effects  of  different  roads  on  the  draughts  of 
carriages,  are  correct  ? — ^Yes,  quite  correct ;  and  they  have 
been  confirmed  by  very  many  experiments  I  have  made 
since  I  was  examined  before  the  Committee  of  the  House 
of  Lords. 

Then,  in  fact,  that  is  the  general  conclusion,  that  a  road 
is  good  for  its  object,  namely,  of  diminishing  the  draught 
of  a  carriage,   in   the  proportion   tliat  it   is   hard   and 
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smooth  ? — The  great  advantages  of  the  roads  appearing 
by  the  machine  is  certainly  in  proportion  to  their  solidity 
and  their  strength,  and  their  want  of  yielding.  If  it  could  be 
a  perfectly  solid  mass  of  stone  or  metal,  the  least  resistance 
would  be  presented ;  that  is  shown  both  on  stone  tramways 
and  on  metal  tramways,  and  metal  rails.  There  are  some 
metal  tramways  laid  in  Glasgow  on  rather  a  steep  hill, 
and  it  is  not  at  all  unusual  for  a  horse  to  take  from  two 
to  three  tons ;  that  arises  merely  from  the  saving  in  the 
resistance  of  the  surface,  friction  being  lessened. 

That  is  from  the  smoothness  of  the  surface  ? — ^Yes,  from 
the  smoothness  and  hardness. 

So  that  if  clean  material  of  any  road  nine  inches  thick 
were  properly  beat  down,  that  will  not  yield  ? — Nine  inches 
will  yield  very  much. 

What,  on  an  old  road  of  nine  inches  thick  ? — ^Yes,  with 
heavy  waggons.  One  of  the  great  advantages  arising  from 
Mr.  Telford's  system  of  forming  roads  by  large  stone 
pavements,  is  from  the  fact  that  one  point  is  dis- 
tributed,— that  the  pressure  of  the  wheels  is  distributed 
over  a  large  space.  The  wheels  of  the  carriage  rest  on, 
say,  two  inches  of  surface,  but  that  is  carried  to  a  large 
pitching  stone  below,  which  rests  on  the  soil,  and  the 
weight  is  distributed  over  a  large  surface  at  the  bottom ; 
that  is  to  say,  over  a  surface  a  foot  or  nine  inches  long, 
and  six  or  eight  inches  wide ;  it  is  lessened  very  much 
indeed  on  the  surface  that  bears  on  the  earth. 

You  speak  of  a  heavy  waggon :  is  there  a  distinction 
between  the  crushing  of  the  materials  and  the  vibration  ? 
— If  it  is  very  smooth  there  is  not  much  crushing.  I 
should  perhaps  say,  where  broken  granite  is  placed  on  the 
London  streets,  there  is  little  crushing  on  the  surface,  but 
a  good  deal  below.  In  some  experiments  I  made  some 
time  ago,  I  found  that  a  great  portion  of  the  wear  took 
place  near  the  bottom ;  the  stones  there  got  round  after  a 
very  short  time. 
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How  do  you  explain  that ;  they  would  sink  into  a  soft 
substance,  would  they  not  ? — Yes ;  they  were  all  jumbled 
together;  the  lower  part  of  the  lower  stratum  was  on 
clay. 

Would  not  the  pressure  from  above,  instead  of  wearing 
out  those  angles,  only  press  it  down? — No;  before  it  became 
a  solid  mass  at  all,  the  wheels  worked  through  and  the 
stones  were  kept  in  motion,  and  rubbing  against  each 
other  from  top  to  bottom ;  a  portion  was  put  down  with  a 
very  solid  foundation,  and  the  same  quantity  was  put  over 
it.  I  took  up  a  portion  of  both  roads,  and  we  found  where 
the  road  was  about  fifteen  or  sixteen  inches  thick,  and  the 
stones  six  inches  thick  over  the  bottom  pavement,  they 
were  quite  square  and  as  perfect  as  when  put  on.  In  the 
other  case  it  was  not  so. 

I  am  well  aware  that  you  are  a  good  mathematician ; 
how  is  it  possible  that  the  wear  can  be  greater  on  that 
elastic  road ;  for  we  all  know  the  first  principle  of 
mechanics  is,  that  where  two  substances  meet  and  one 
yields  gently  to  the  other,  the  friction,  or  the  wear  and 
tear,  is  not  so  great  ? — That  is  so  on  the  surface  and  at 
the  point  of  contact,  but  where  there  is  a  yielding  and 
elasticiQr  in  the  road  there  must  be  motion  among  the 
particles  with  which  the  road  is  formed,  and  this  motion 
produces  wear. 

But  it  may  be  so  imperceptible  as  to  be  almost 
evanescent  ? — Yes,  but  when  it  is  so  there  is  no  motion 
among  the  particles. 

Do  you  mean  this  motion  of  the  stones  on  the  surface 
continues  wearing  off  the  angles  or  edges,  and  making 
them  into  round  pebbles  ? — Yes,  that  is  what  takes  place 
on  a  weak  road.  There  are  two  things  to  be  considered, 
when  a  road  is  newly  made ;  there  is  very  great  wear 
indeed,  in  the  first  instance,  if  there  be  not  a  pitched 
foundation;    that  is  different  from  the  wear  that  takes 


APPENDIX,    NO.  V.  413 

place  when  it  is  nearly  consolidated ;  to  bring  it  into  a 
solid  state  the  wear  is  great ;  if  there  are  four  inches  of 
broken  stone  on  the  top  of  a  pitched  foundation,  you  may 
get  that  road  in  a  perfectly  hard  and  consolidated  state, 
by  the  ordinary  travelling  over  a  turnpike  road,  in  about 
three  months ;  but  if  you  put  on  the  same  thickness  of 
stone  without  a  foundation,  you  will  not  get  it  in  a  perfect 
state  in  three  or  four  times  as  long. 

Do  you  give  that  opinion  from  experience  ? — It  is  quite 
certain. 

What  instance  can  you  refer  to  in  support  of  the  state- 
ment of  the  quickness  with  which  a  road  is  consolidated, 
where  the  upper  surface  of  stone  is  laid  on  a  paved 
bottom  ? — ^The  last  example  I  have  had  is  that  one  near 
Shrewsbury,  between  Wellington  and  Shrewsbury,  a  road 
made  there  very  lately.  It  was  opened  to  the  public  in 
the  latter  end  of  December,  and  in  the  early  part  of  May 
it  was  quite  as  solid  and  perfect  as  if  it  had  been  in  ex- 
istence for  fifty  years. 

What  was  the  material  ? — It  was  a  sort  of  porphyry ;  it 
is  a  hard  compact  sand-stone,  with  no  lime  in  it 

Was  this  made  with  a  paved  foundation  ? — Yes. 

If  I  understand  you  right,  you  put  such  a  thickness  of 
broken  stone  over  the  pitched  bottom  they  consolidate 
into  one  solid  mass  quicker  than  if  there  was  no  pitched 
bottom ;  how  do  you  explain  that  ? — In  order  to  put  in 
stone  at  all  that  will  bear  carriages  in  the  first  instance, 
you  must  have  a  certain  depth  of  them.  You  cannot  put 
in  four  inches ;  if  you  put  in  four  inches  the  wheels  will 
sink  through  and  the  clay  will  rise ;  it  will  be  all  mud  and 
stone  together.  Then  you  must  put  on  three  or  four 
inches  more  and  so  on,  until  a  sufficient  stratum  is  formed. 
Until  this  takes  place  there  is  great  waste  of  stone,  and  you 
have  not  got  a  solid  road  after  all.  A  great  portion  of  that 
stone  is  worn  away  in  the  mean  time  and  mixed  with 
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mud,  liable  to  get  soft  with  every  shower  of  rain.  WTien 
you  put  in  nine  inches  thick  of  a  large  stone  pavement, 
the  mud  cannot  get  up ;  the  four  inches  of  the  small  stone 
put  over  cannot  sink.  A  certain  portion  of  the  first  stone 
is  ground  away,  but  not  a  great  deal,  for  it  falls  into  the 
interstices  of  the  pitched  stone ;  they  hold  each  otlier  by 
the  sharp  angles ;  they  are  kept  solid. 

Assuming  that  these  \_pointing  to  a  model']  were  smaU 
lumps  of  sugar,  and  that  there  was  an  equal  space  of 
dough  put  there,  if  you  put  an  inch  of  small  lumps  of 
sugar  there  and  an  inch  of  small  lumps  of  sugar  on  the 
dough  of  the  same  size,  and  keep  rolling  a  substance  over 
it,  which  of  those  would  be  the  soonest  to  give? — The 
sugar  would  sink  in  the  dough. 

Would  not  that  tend  to  unite  ? — They  would  make  a 
soft  mixture ;  then  you  must  scrape  away  that ;  then  you 
would  put  on  more  stone,  and  the  same  process  would  go 
on,  and  before  you  get  a  solid  road  you  would  lose  at  least 
twelve  or  fourteen  inches  of  broken  stone. 

In  your  former  answer,  you  said  that  you  thought  it 
would  be  of  advantage  if  the  trustees  of  the  roads  were 
assisted  by  civil  engineering.  I  wish  to  know  whether 
road-making  ought  not  to  be  considered  as  a  branch  of 
the  science  or  art  of  civil  engineering? — I  am  of  opinion 
that  the  laying  out  a  good  line  of  road,  in  some  parts 
of  the  country,  is  perhaps  as  difficult  a  subject  as  comes 
before  an  engineer;  and  it  is  quite  impossible  for  country 
surveyors  and  land  surveyors,  who  have  not  been  ac- 
customed to  engineering  pursuits,  to  run  out  a  line  of 
road  with  advantage  to  the  public. 

Or  short  lines  for  improvements  ? — I  know  instances  in 
which  lines  of  road,  tliat  are  said  to  be  improved,  are  not 
80  good  as  the  old  line  of  road. 

Now,  in  regard  to  the  construction  of  a  road,  is  it  not 
necessary  a  person  who  undertakes  to  construct  and  make 
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a  new  road,  should  have  that  sort  of  education  that  makes 
him  acquainted  with  tlie  science  of  civil  engineering? — It 
is  quite  necessary,  and  that  is  shown  in  France  to  a  very 
great  extent ;  and  I  believe  wherever  roads  are  made  here 
by  civil  engineers,  they  bear  a  very  different  character  to 
the  roads  in  other  parts  of  the  country;  and  also  that 
there  is  a  saving  in  the  wear  of  materials  on  a  well- 
constructed  road,  and  well-laid  out  road.  If  a  line  of 
road  has  not  rates  of  acclivity  greater  than  one  in  forty, 
there  will  be  20  per  cent  saving  over  one  that  rises  one. 
in  twenty.  This  is  a  fact  not  generally  known,  but  it  is 
quite  certain ;  that  is  to  say,  a  road  that  has  acclivities  of 
one  in  twenty  will  cost  18  or  20  per  cent  more  tlian  the 
one  that  has  acclivity  of  one  in  forty. 

As  a  matter  of  course,  a  civil  engineer  looks  to  the 
appearance  his  road  has,  as  well  as  to  the  fitness  to  draw 
carriages;  is  it  not  always  a  rule  with  them  to  have  it 
uniform  as  to  breadth  and  shape  ? — Yes ;  there  are  certain 
rules  which  an  engineer  would  always  adopt,  that  is,  a 
certain  uniform  width,  and  a  certain  curvature,  a  certain 
height  of  footway,  and  a  certain  width  of  waste  and  fences, 
according  to  the  description  of  road  he  was  to  make. 

To  acquire  that  degree  of  uniformity,  is  it  not  necessary 
to  use  instruments,  and  to  have  tliat  sort  of  habitual 
method  of  managing  works  that  can  only  be  acquired 
by  a  regular  education? — I  conceive  so;  I  do  not 
think  a  road  can  well  be  laid  out  except  by  a  professional 
person. 

Have  you  found  it  the  practice  to  appoint  engineers  as 
surveyors  of  roads  ? — No ;  I  do  not  know  an  instance  of 
it,  except  on  the  road  between  Shrewsbury  and  Holyhead, 
and  there  the  effect  is  very  apparent 

What  class  of  persons  are  they  commonly? — Gene- 
rally farmers ;  in  some  instances  they  have  been  trades- 
people. 
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May  not  a  great  deal  of  what  may  be  considercKl  to  be 
imperfect  in  tlie  roads  of  this  country,  be  attributed  to  the 
want  of  having  more  assistance  from  the  profession  ? — 
Yes.    I  think  the  fact  I  have  stated,  that  a  saving  of 
20  per  cent  in  repairing  a  road  might  be  made  in  a  very 
slight  alteration  of  declivity  in  a  road,  will  prove  that 
principle;  and  also  that  there  will.be  a  saving  when  the 
road  has  the  appearance  of  uniformity  and  neatness  about 
it,  for  the  men  who  put  out  the  stone  can  see  when  it  is 
out  of  shape  and  where  it  gets  weak,  and  they  instantly 
repair  it    By  this  means  diere  is  not  the  same  jolting,  die 
same  degree  of  resistance,  to  carriages  passing  over  it;  and 
nothing  but  a  perfect  and  uniform  line  of  curves  and 
levels  will  enable  tlie  eye  of  a  workman  to  see  where  the 
deficiency  takes  place. 

Generally  speaking,  the  roads  are  not  uniform  as  to 
breadth,  convexity,  or  width  ? — No ;  tliere  does  not  appear 
to  be  any  system  in  this  country  on  this  very  important 
point  Generally  speaking,  no  road,  that  I  am  acquainted 
with,  has  uniform  width  and  height  of  footpath  and  curva- 
ture of  surface  even  for  half  a  mile  in  length. 

Would  it  contribute  to  the  good  order  and  keeping  up 
of  a  road  to  pay  attention  to  these  points  ? —  It  ivould  be  a 
great  saving. 

A  road  is  easier  kept  clean  and  dry  ? — Yes,  and  more 
easily  seen  when  it  becomes  weak. 

Are  the  workmen  more  attentive  and  careful  when  it  is 
all  put  in  a  proper  shape? — They  would  become  of  a 
different  character ;  a  workman,  as  soon  as  he  got  a  uni- 
form and  neat  road  would  have  a  pride  in  his  work, 
and  would  keep  it  in  better  order  and  free  from  ruts, 
weeds,  &c. 

Is  there  not  a  great  deal  still  wanting  in  that  class  of 
roads  for  mail-coaches  to  put  them  into  a  proper  state ; 
that  is,  to  reduce  the  hills  to  such  a  rate  of  inclination  a& 
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may  be  considered  not  only  convenient  but  safe,  and  also 
in  shortening  roads? — Yes,  there  might  be  a  great  deal 
done  to  improve  the  roads. 

In  short,  none  of  the  roads  are  so  good  as  they  might 
be? — I  do  not  think  any;  and  I  believe  if  there  was  a 
proper  line  of  section  and  improvements  in  the  great 
roads,  and  if  the  expenditure  was  confined  to  that,  instead 
of  a  little  trifling  improvement  making  by  country  sur- 
veyors, where  they  run  away  with  a  great  deal  of  money, 
it  would  be  very  desirable. 

Suppose  it  was  proposed  that  a  line  of  road  in  this 
country  should  have  all  the  hills  brought  to  an  inclination 
of  1  in  24,  and  that  they  should  be  shortened  where  it 
might  be  done  with  great  advantage,  can  you  form  an 
idea  of  the  average  rate  of  expense  per  mile  necessary  to 
be  incurred  in  mieJcing  these  improvements,  and  generaUy 
in  making  the  roads  as  perfect  as  they  ought  to  be 
made  ? — I  have  no  doubt  that  taking  a  long  line  of  road, 
from  000  L  to  1,000/.  a  mile  would  be  sufficient 

What  length  of  line  would  you  take? — From  London 
to  York,  for  example. 

Taking  a  trust  with  a  number  of  hills  and  inclinations, 
would  it  not  amoimt  to  1,500/.  or  2,000/1? — It  would 
depend  on  the  description  of  the  country  through  which 
it  passed ;  in  some  counties  it  would  not,  in  some  of  the 
hilly  counties  it  would  come  to  fully  that. 

In  all  hiUy  counties?— Yes,  perhaps  it  might ;  no  road 
is  perfect  unless  it  has  rates  of  acclivity  equal  or  less  than 
1  in  40. 


Dn  DioNYsius  Lardker  called  in,  and  examined. 

You  have  paid  attention  to  the  construction  of  roads, 
have  you  not? — I  have. 

What,^  in  your  opinion,  is  the  proper  object  and  purpose 

£  E 
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of  a  road? — In  my  opinion  the  main  object  of  a  road 
connecting  two  places,  is  to  enable  loads  to  be  transportal 
from  the  one  place  to  the  other  in  the  least  possible 
time,  and  with  the  least  possible  expenditure  of  tractive 
power. 

On  what  does  the  tractive  power  depend? — The  trac- 
tive power  depends  upon  several  qualities  in  the  road; 
first,  upon  its  levelness ;  secondly,  upon  the  smootliness 
of  its  surface;  and,  thirdly,  upon  a  quality  which  I 
suppose  I  may  call  hardness;  the  absence,  in  fact,  of 
elasticity. 

Is  it  a  matter  requiring  much  science  and  skill  to 
arrange  a  road  with  reference  to  these  objects? — It  is 
quite  evident  it  requires  a  very  unusual  combination  of 
scientific  and  practical  knowledge.  It  is  obviously  im- 
practicable to  make  a  road  which  would  be  theoretically 
perfect;  and  therefore  there  arises  an  extremely  delicate 
inquiry  as  to  the  best  possible  compromise  which  can  be 
made  between  all  the  inevitable  imperfections,  the  exist- 
ence of  which  we  are  forced  to  admit.  A  road,  to  be 
tlieoretically  perfect,  should  be,  first,  perfectly  straight; 
secondly,  perfectly  level ;  thirdly,  perfectly  smooth ;  and, 
fourtlily,  perfectly  hard.  If  it  possessed  all  these  qualities 
in  absolute  perfection,  the  consequence  would  be  it  would 
require  no  tractive  power  at  all.  An  impulse  given  to  a 
load  at  one  end,  would  carry  it  to  the  other  by  its  inertia 
alone.  This  is  the  ideal  limit  to  which  it  is  the  business 
of  a  road-maker  to  approximate  as  nearly  as  he  can,  all 
practical  circumstances  being  considered. 

Therefore  a  road  will  be  more  or  less  perfect  in 
proportion  as  it  approximates  to  this,  all  circumstances 
considered? — Just  sa  It  is  obvious  it  cannot  be  per- 
fectly straight,  and  it  is  obvious  it  cannot  be  perfectly 
level ;  you  might  have  a  perfect  level  if  you  chose  to  make 
unlimited  deviations  from  perfect  straightness ;  and  you 
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might  have  it  perfectly  straight,  if  you  chose  to  encounter 
the  great  evil  of  want  of  levelness. 

Then  the  degree  of  straightness  would  depend  upon  the 
degree  of  hill  ? — Just  so. 

A  road  ought  to  be  as  short  as  possible,  consistently 
with  some  regular  principle  as  to  hills,  ought  it  not?  — 
Yes.  Now  with  respect  to  the  acclivities ;  there  is  a  dis- 
tinct mechanical  character  which  attaches  to  acclivities, 
depending  on  their  steepness.  One  acclivity  is  not  more 
injurious  than  another  in  the  mere  ratio  in  which  it  is 
more  steep  than  another.  There  are  some  acclivities 
which  afford  a  certain  compensating  effect  in  the  descent ; 
there  are  others  that  never  fully  compensate  for  the 
power  lost  in  their  ascent.  There  is  an  acclivity,  or  an 
inclination,  which  we  designate  in  the  department  of 
mechanical  science  that  relates  to  these  things  by  the 
term  of  the  "  angle  of  repose";  it  is  the  steepest  acclivity 
down  which  the  carriage  will. not  roll  of  its  own  accord — 
down  which  it  will  not  roll  by  its  own  gravity.  On  more 
steep  acclivities  the  carriage  will  roll  down  without  any 
tractive  power;  every  acclivity  under  that  limit  which 
will  require  more  or  less  of  tractive  force  downward.  Now 
acclivities,  which  are  less  steep  than  the  angle  of  repose, 
give  a  compensation  in  descending  for  the  excessive  trac- 
tive force  they  require  in  ascending — that  is  the  case  with 
acclivities  between  the  perfect  level  and  the  angle  of  re- 
pose; and  I  take  it  that  that  inclination  should  be  the 
major  limit  which  ought  to  be  imposed  to  hills,  as  they 
are  called,  upon  the  first  class  of  turnpike  roads;  the 
more  they  are  under  that  inclination  of  course  the  better, 
but  certainly  they  should  never  exceed  it 

Can  you  state  that  acclivity  in  figures? — That  will 
depend  upon  several  circumstances;  it  will  depend  in 
some  measure  on  the  carriage;  because  a  carriage  of 
one  structure  will  roll  down  a  hill,  when  a  carriage  of 

E  E  2 


420  APPENDIX,    NO.V. 

another  structure  would  not  Tlien  it  will  depend  upon 
the  surface  of  the  road ;  but  if  we  take  the  very  best 
class  of  broken-stone  road  surface,  constructed  in  the  best 
manner  so  as  to  be  as  hard  as  can  be,  and  a  good  class  of 
carriage  rolling  upon  it,  I  suppose,  at  a  rough  estimate, 
one  in  forty  would  be  the  angle  of  repose.  I  should 
advise  the  great  roads  not  to  be  more  steep  than  one  in 
forty. 

With  regard  to  smoothness;  are  you  of  opinion  that 
tliat  should  be  the  only  object  with  respect  to  roads? — 
Clearly  not;    until  a  comparatively  late   period  a  very 
prevalent,  indeed  almost  universal,  error  prevailed  with 
respect  to  roads.     All  that  people  considered  was  what 
they  conceived  to  be  an  easy  motion  to  the  passengers; 
that  which  was  easiest  to  the  passengers  was  concluded  to 
be  also  the  easiest  to  the  horses ;  or  perhaps  I  should  be 
more  correct  in  saying  the  horses  were  not  considered  at 
all.     People  never  thought  of  taking  into  consideration 
the  mechanical  force  which  was  necessary  to  draw  a  load 
along  a  road*     If   tliere  were   two   roads  with   surfaces 
equally  smooth,  (acclivities  of  an  equal   steepness,   and 
along  which  the  passengers  felt  themselves  equally  com- 
fortable,) those  roads  were  at  once  assumed  to  be,  to  all 
intents  and  purposes,  equally  good;   a  greater  mistake 
could  scarcely  be  found  than  that     Suppose  a  road  sur- 
face were  made  of  Indian  rubber,  the  surface  being  as 
smooth  as  it  can  be  imagined  to  be,  no  road  could  be 
worse  for  traction,  the  wheels  would  sink  into  the  sur&oe^ 
and  the  tractive  force  would  be  continually  pulling  up  a 
hill ;  it  would  have  the  effect  of  a  continual  ascent     The 
surface  of  the  road  should  be  as  hard  and  as  unyielding 
as  art  can  make  it;  the  wheel  should  not  sink;   no  tem- 
porary depression  should  take  place,  even  though  that 
depression  be  restored   by  elasticity  after  the  wheel  is 
removed.    By  whatever  means,  tliis  end  must  be  attained. 
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It  is  quite  essential,  although  there  may  be  a  difFerence 
in  the  means  of  attaining  it;  but  attained  it  most  certainly 
ought  to  be. 

Do  you  speak  from  experience  on  this  point  of  elas- 
ticity?— Not  from  experience  as  an  engineer,  .but  only 
from  having  devoted  a  good  deal  of  time  to  the  consi- 
deration of  this  subject,  and  being  perfectly  acquainted 
with  the  experiments  that  have  been  made  and  the  expe- 
rience we  have  had  upon  roads;  and  I  also  give  that 
opinion  upon  general  scientific  principles. 

With  reference  to  the  general  laws  of  motion? — Un- 
doubtedly ;  it  is  not  a  point  about  which  any  two  scientific 
men  can  differ;  there  can  be  no  difference  of  opinion  about 
it.  I  mean  that  that  quality  is  best  for  the  surface  of  the 
road  which  will  not  permit  it  to  alter  its  figure  under  the 
pressure  of  the  wheel. 

Then  the  degree  of  hardness  will  depend  upon  the 
degree  in  which  elasticity  is  absent? — Yes,  certainly;  a 
road  may  have  two  qualities  in  that  respect ;  it  may  yield 
not  being  restored,  or  it  may  yield  with  being  restored. 
If  it  yield  without  being  restored,  that  will  do  a  double 
mischief,  because,  as  well  as  increasing  the  resistance,  the 
road  will  be  quickly  worn  out 

There  b  a  question  I  would  wish  to  ask  you  with  regard 
to  the  elasticity:  now,  glass  is  a  very  elastic  substance; 
lead  is  one  which  is  non-elastic ;  according  to  your  prin- 
ciple, therefore,  if  I  roll  over  a  plane  of  glass  a  glass  ball, 
from  those  two  being  elastic  it  would  not  go  so  easily  as 
if  I  were  to  roll  over  it  a  leaden  ball? — Glass  is  not  elastic 
in  that  sense.  It  is  elastic  with  respect  to  percussion* 
There  are  two  ways  in  which  you  can  understand  the 
expression  elastic :  glass  is  said  to  be  highly  elastic  with 
this  meaning ;  it  restores  itself  to  its  figure  with  almost  as 
■uich  force  as  that  with  which  you  alter  its  figure;  but 
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glass  is  exceedingly  hard,  and  it  is  difficult  to  alter  the 
figure  of  glass. 

Upon  the  same  principle,  assuming  the  road  yields  a 
little  and  immediately  regains  its  form,  it  appears  to  me 
to  assimilate  to  the  quality  of  glass? — It  is  not  recover- 
ing its  form  that  is  of  the  slightest  consequence,  because 
the  resistance  to  the  tractive  force  will  be  just  the  same 
whether  it  recovers  its  figure  or  not ;  the  resistance  to  the 
tractive  force,  strictly  speaking,  has  nothing  to  do  with 
the  elasticity  of  the  road  but  with  its  softness ;  but  its 
being  elastic  as  well  as  soft  does  not  alter  the  case  in  the 
least.  It  is  difficult  to  express  the  thing  by  those  terms, 
because  those  are  shades  of  meaning  which  escape  us.  It 
wiU  convey  to  the  Committee  more  correctly  my  meaning, 
if  I  state  that  the  quality  of  the  road  ought  to  be  such 
that,  as  the  wheels  roll  over  it,  it  should  not  suffer  any 
change  of  its  figure. 

That  is  a  state  of  tilings  which  is  strictly  in  conformity 
with  the  laws  of  science  as  relating  to  moving  bodies  ? — 
Strictly. 

According  as  I  understand  you,  there  is  no  difference 
among  scientific  men  as  to  the  necessity  of  having  a  road  as 
hard  as  possible  in  order  to  be  a  perfect  road  ? — Yes,  in 
order  to  ofier  the  least  possible  resistance  to  the  tractive  force. 

Consequently  the  expense  of  the  draught  comes  into 
the  calculation  in  making  the  road  as  hard  as  possible?-— 
Precisely. 

Have  there  not  been  experiments  made  upon  the  rail- 
roads with  regard  to  the  elasticity  ? — Yes. 

What  has  been  the  result? — It  has  been  foimd  that 
they  have  considerable  elasticity ;  it  is  incredible  to  what 
an  extent  this  quality  exists  in  them.  People  would  not 
believe  the  degree  of  elasticity  there  is  in  an  iron  rail- 
road;  there  is  a  change  in  passing  from  one  chair  to 
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another  cliair.  I  have  applied  an  instrument  for  mea- 
suring the  tractive  force  to  the  waggons  upon  a  rail^ 
road,  and  I  have  perceived  distinctly  the  passage  of  the 
wheels  of  the  waggon  over  every  successive  chair  of  the 
road. 

Have  you  examined  the  degree  of  elasticity  of  rail- 
roads, constructed  on  other  principles,  where  there  has 
been  a  continued  support  to  the  railroad  instead  of  a 
support  by  chairs? — I  do  not  know  where  that  principle 
has  been  adopted. 

Have  you  made  experiments  so  as  to  be  able  to  say 
what  degree  of  elasticity  there  is  on  different  railroads  ?— 
No ;  all  that  I  have  experimented  upon  have  been  con- 
structed upon  the  same  principle,  except  that  some  of  them 
are  on  wooden  sleepers  and  some  on  stone. 

How  is  it  with  regard  to  the  elasticity  of  those  two? — 
I  have  not  compared  this;  but  there  is  evidently  less 
change  from  prop  to  prop  on  the  wooden  sleepers. 

Is  there  any  doubt  that  this  elasticity  requires  a  greatei? 
moving  power  ? — It  is  a  point  upon  which  there  can  be  no 
doubt. 

Would  you  have  the  kindness  to  state  to  the  Committee 
the  difference  in  the  elasticity,  when  you  observed  the 
sleepers  were  of  wood,  and  when  you  observed  they  were 
of  stone? — Inasmuch  as  the  rails  are  the  same^  whethev 
placed  on  wood  or  on  stone,  their  elasticity  cannot  be 
different;  but  there  is  this  difference,  the  stoiie  blocks 
with  the  chairs  upon  them  form  firm  unjrielding  props, 
and  at  every  yard  there  is  a  prop .  which  will  not  yield 
under  the  pressure  of  the  wheel;  the  rail  between  the  tw(# 
props  consequently  is  forced  to  yield,  and  becomes  for  the 
moment  a  curve,  and  the  wheel  rolls  down  fi*om  prop  to 
prop  as  if  it  went  through-  the  valley  of  a  wave ;  but  with 
wooden  sleepers  the  pressure  which  the  wheel  makes  when 
passing  between  the  props  is  transmitted  to  the  chairs,  and 
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the  wooden  sleepers  yielding  to  it  so  that  the  rail  does  not 
-become  so  much  curved  as  with  stone  blocks. 

Then  there  is  less  elasticity  with  the  wooden  sleepers 
than  with  the  stone  ?* Just  so ;  the  elasticity  is  transferred 
to  the  wooden  sleepers  in  the  one  case,  instead  of  the  iron 
rails  in  the  other. 

There  is  more  undulation  in  the  one  than  the  other  ? — 
Yes ;  when  you  pass  over  certain  portions  of  the  Liverpool 
and  Manchester  Railway  in  the  carriages  you  may  perceive 
the  undulation. 

What,  in  your  opinion,  is  the  proper  way  of  getting  rid 
of  the  elasticity  in  roads  when  you  are  constructing  tliem  ? 
— That  is,  I  think,  a  question  which  involves  a  great  deal 
of  practical  difficulty ;  it  is  quite  clear  that  oBteris  pearUms 
the  thicker  the  crust  of  the  road  is  the  harder  it  will  be, 
because  a  thick  crust  will  not  yield  as  much  as  a  thin  one. 
Then  the  structure  of  the  road,  and  nature  of  the  soil,  are 
also  to  be  considered.  If  a  road  has  a  soft  subsml,  it  has 
always  appeared  to  me  to  be  that  the  best  method  of  con- 
structing it  is  by  wliat  I  call  a  Telfordization — I  mean,  in 
fact,  an  archway  of  stone-work  under  the  road;  it  is  a 
i*egular  piece  of  archway  structure,  which  abuts  on  the 
sides  of  the  road  as  it  were,  and  upon  that  the  roadwork  of 
broken  stone  is  laid ;  and  the  thicker  that  is,  and  the  more 
durable  and  firm  the  substructure  is  made,  of  course  the 
harder  will  be  tlie  road. 

And  be  better  with  respect  to  drainage? — And  with 
respect  to  the  drainage  it  will  be  better  for  the  duration 
of  the  road,  of  course.  It  is  quite  essential  to  the  surfiice 
of  the  road  that  it  should  be  exposed  to  the  wind  and  the 
sun. 

Then  in  laying  out  a  line  of  road,  you  would  avoid,  if 
possible,  going  over  marshy  or  elastic  ground  ? — Clearly 
so;  or  at  least  if  I  did  I  would  take  care  to  pfess  it  down 
so  as  to  destroy  its  marshy  character ;  as  we  have  done  in 


APPENDIX,    NO.  V.  425 

in  the  Chatmoss,  on  the  Liverpool  and  Manchester  Rail- 
road. 

In  flat  meadows  there  is  always  elasticity,  is  there  not? 
— Certainly ;  in  fact,  what  I  should  say  is,  the  harder  the 
surface  is  the  better  will  be  the  road  for  all  purposes. 
Neither  can  any  thing  be  more  injurious  or  destructive  to 
a  road  than  the  smothering  it  up  with  trees  and  hedges, 
because  every  thing  that  excludes  the  sun  and  the  air 
is  prejudicial;  the  water  mixes  with  the  dust  that  is 
produced  by  the  attrition  of  the  carriages,  and  that 
forms  a  sort  of  grinding  matter  that  wears  away  the 
surfiice  of  the  road ;  now  if  the  sun  and  air  have  access 
to  the  road,  the  water  is  quickly  evaporated  by  that 
means. 

You  make  these  observations  with  reference  to  the 
durability  of  the  surfiu;e  of  the  road,  do  you  not  ? — Yes ; 
and  also  with  respect  to  the  tractive  force  upon  it. 

Is  there  more  tractive  power  on  a  road  not  exposed 
to  the  weather  ? — There  is  more  tractive  power  on  a  road 
not  exposed. 

It  would  appear,  from  your  evidence,  that  the  con- 
struction of  a  road  would  require  a  considerable  degree  of 
science  and  practical  skill  on  the  part  of  those  who  imder- 
take  it;   it  is  your  opinion  that  it  does  so? — I  do  not 
know  that  I  could  suggest  any  one  problem  to  be  proposed 
to  an  engineer,  that  would  require  a  greater  exertion  of 
scientific  skill  and  practical  knowledge,  than  laying  out 
the  construction  of  a  road.     Unfortunately  the  original 
laying  out  of  a  road  is  an  emplo}rment  that  is  rarely 
submitted  to  an  engineer ;  he  is  generally  controlled  by 
circumstances.     The  early  road-makers  were  almost  always 
obliged  to  follow  our   old  horse-paths  in  the  country, 
in  a  very  great  degree.    To  lay  out  and  design  a  road 
between  two  points,  the  sur&ce  of  the  country  should,  in 
the -first  instance,  be  accurately  ascertained;  the  engineer 
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should  make  himself  as  well  acquainted  with  tlie  undula- 
tions and  the  surface  of  the  country  as  if  he  had  passed 
his  hand  over  every  foot  of  it ;  and,  even  supposing  he  has 
a  model  of  it  before  him,  it  becomes  an  extremely  delicate 
and  difficult  problem  to  say  what  will  be  the  best  course 
to  take  for  a  line  of  road  joining  two  points ;  he  of  course 
must  encounter  the  undulations  in  such  a  manner  as  to 
adapt  his  cuttings  to  his  embankments ;  that  is,  where  he 
cuts  through  an  eminence  he  must  take  care  so  to  arrange 
die  course  of  the  road  as  that  he  shall  have  a  hollow  to  fill 
up  which  will  just  employ  the  stuff  he  cuts  out  of  the 
embankment ;  then  the  quality  of  the  crust  of  the  earth 
he  must  know,  because  it  is  not  after  he  has  begun  to 
make  his  road  that  he  is  to  dis^cover  the  practical  difficulties 
which  stand  in  his  way.  In  fact,  it  requires  a  considerable 
knowledge  of  geology ;  the  stratification  and  the  angles  at 
which  different  soils  will  not  only  stand  at  the  beginning, 
but  the  angles  at  which  they  will  continue  to  stand,  sub- 
ject to  all  the  actions  of  the  weather. 

Then,  in  point  of  fact,  it  does  not  appear  that  the  ad- 
vantage of  the  science  of  engineering  has  been  applied 
very  extensively  to  the  roads  in  this  country? — Most 
decidedly  not ;  it  never  was  brought  in  any  degree  into 
play  until  the  problem  of  railroads  was  started,  when  from 
the  nature  of  the  road  a  greater  degree  of  level  and 
straightness  became  indispensable;  then  persons  were 
forced  to  call  in  engineering  skill,  and  they  found  the 
supply  of  it  totally  inadequate  to  the  demand.  A  board 
of  mushroom  engineers  have  started  up  for  the  occasion, 
and  have  been  forced  upon  the  public.  I  am  quite  sure 
that  a  vast  number  of  the  projects  that  are  now  in  progress 
will  be  very  imperfectly  carried  into  effect  (torn  the  want 
of  that  species  of  mechanical  and  scientific  knowledge 
which  is  indispensably  necessary. 

With  reference  to  genei*al  improvements,  and  also  with 
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reference  to  new  roads  in  this  country,  it  seems  to  be  your 
opinion  that  the  assistance  of  engineers  should  be  more 
generally  called  in? — Clearly  so;  recourse  ought  to  be 
had  to  the  very  first  scientific  and  practical  skill  of  the 
country ;  it  requires  the  first  civil  engineers  that  can  be 
found 

That  applies  to  putting  the  existing  roads  into  good 
repair,  independently  of  making  new  roads,  does  it?—* 
Either ;  but  more  especially  in  making  new  roads. 

Witli  regard  to  the  present  roads ;  will  they  not  require 
considerable  improvement  in  order  to  render  them  any 
thing  like  what  you  say  a  road  ought  to  be  ? — Undoubtedly 
they  would ;  even  supposing  you  were  not  to  deviate  a 
single  foot  from  the  existing  roads,  a  large  portion  of  them 
would  require  re-constructing. 

Would  that  be  with  reference  to  hills  ? — No,  I  mean 
with  respect  to  the  structure  of  the  road  itself;  the  struc- 
ture of  the  crust. 

It  diminishes  the  hardness  so  as  to  leave  the  tractive 
force  much  greater  tlian  it  ought  to  be  ? — Just  so. 

Is  that  a  common  fault  in  roads? — That  is  a  very 
prevalent  fault. 

Then  with  regard  to  hills ;  would  you  do  any  thing  with 
regard  to  them  ? — There  is  a  great  deal  to  be  done  with 
regard  to  them. 

Still  more,  perhaps,  if  it  were  determined  that  we  were 
to  have  roads  in  the  best  direction  ? — I  should  say,  if  you 
were  to  take  any  two  particular  points  in  England,  and 
were  to  take  the  fii*st  engineer  you  could  get,  and  say  to 
him,  make  the  best  road  between  such  and  such  places, 
vrithout  the  slightest  regard  to  existing  roads,  I  do  not 
think  he  would  coincide,  except  by  accident,  with  any  of 
the  existing  roads ;  it  would  be  laid  down  on  a  totally 
different   principle   to  what   the  present  roads   are  laid 
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down  upon  ;  the  present  roads  are  a  series  of  shifts 
and  expedients  which  the  road-makers  have  adopted 
from  time  to  time,  without  regard  to  the  general  scientific 
principles. 

What  do  you  suppose  to  have  been  the  motives  witli 
which  the  present  roads  have  been  laid  out  in  the  present 
lines  ? — Originally  the  old  horse-paths  of  the  country  were 
followed ;  and  we  have  kept  in  the  old  line  of  road  as  long 
as  we  can,  without  great  disadvantage.  You  may  observe 
the  most  glaring  defects  take  place :  you  make  an  oc- 
casional deviation  with  a  view  to  improvement,  but  return 
to  the  original  line.  There  is  scarcely  an  example  of  one 
continued  line  of  road,  of  any  length,  laid  down  from  end 
to  end  on  any  intelligible  principle. 

If  any  plan  were  attempted  by  the  Legislature  for  the 
improvement  of  the  roads  in  their  present  state,  it  is 
decidedly  your  opinion  that  it  ought  to  be  conducted 
under  the  management  of  the  most  experienced  civil 
engineer  that  this  country  possesses? — I  am  quite  de- 
cidedly of  that  opinion. 

The  surveyors  generally  of  roads  do  not  belong  to  the 
profession  of  engineers  ? — No. 

And  engineers  have  not  generally  been  employed  in 
laying  out  roads? — No;  the  only  cases,  and  the  only 
species  of  roads  in  which  great  engineering  skill  has  been 
called  into  play,  are  generally  the  railroads;  and  even  in 
these  there  is  a  great  dearth  of  it. 

Are  you  acquainted  with  the  roads  in  the  Highlands? — 
Yes. 

I  would  wish  to  ask  you  a  question  about  the  elasticity 
of  the  road.  How  can  it  be  proved  what  the  elasticity  of 
a  road  is;  take  Regent-street  for  example,  at  four 
o'clock  in  the  morning,  when  there  are  no  persons  there ; 
you  say  it  has  been  ascertained  that  there  is  an  elasticity 
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in  almost  every  road ;  I  wish  lo  know  whether  there  i^ 
any  scientific  mode  of  proving  that  elasticity? — If  the 
elasticity  be  considerable  it  will  be  almost  visible;  you 
will  almost  see  the  surface  yield  under  the  wheels ;  but  if 
it  is  less,  we  have  no  other  means  of  proving  it  except  by 
the  tractive  power. 

There  has  been  such  a  tiling  as  proving  the  elasticity  oC 
a  suspension-bridge  by  a  succession  of  telescopes  ? — That 
may  be ;  but  it  is  taking  elasticity  upon  a  very  extensive 
scale. 

Now  take  a  hard  granite  road,  for  instance  near  London, 
of  which  the  material  is  ten  inches  thick,  and  which  is  dry 
and  impenetrable  by  water,  do  you  conceive  that  there  is 
any  elasticity  in  a  road  of  that  description  ? — Ten  inches 
is  a  very  considerable  thickness  for  a  road-crust  of  granite; 
and,  if  the  subsoil  be  firm  and  hard,  I  dare  say  that  that 
road  would  be  very  hard  without  applying  Mr.  Telford's 
method. 

Do  you  mean  it  would  have  no  elasticity  ? — It  would 
have  very  little  elasticity. 

Does  not  the  tractive  power  depend,  in  some  measure,* 
upon  the  friction  of  the  wheels? — The  tractive  power 
depends  partly  upon  the  carriages;  it  is  different  with 
different  carriages ;  it  depends  upon  the  asperities  of  the 
roads  being  encountered  by  the  tire  of  the  wheel;  and 
then,  lastly,  it  depends  upon  the  softness  or  jdelding  quali^ 
of  the  road. 

Of  what  stone  do  you  conceive  the  smoothest  surfiu^ 
could  be  made? — I  am  scarcely  sufficiently  acquainted 
with  that  subject  to  answer  the  question. 

Do  you  think  that  stone  which  possesses  the  greatest 
smoothness  of  surface  would  make  the  best  surface? — I 
think  it  would,  unless  it  were  deficient  in  durability. 

Is  it  not  apparent  that  the  softest  stone  would  wear  into 
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the  smoothest  sur&ce  sooner  than  an  extremely  hard 
stone  ? — Yes. 

Would  you  recommend  a  road  to  be  made  of  that 
stone? — I  should  recommend  that  the  upper  stratum  of 
the  road  should  be  made  of  that  stone  which  would  wear 
the  smoothest;  and  that  the  understratum  should  be  made 
of  the  more  durable  stone. 

You  have  not  probably  applied  much  attention  to  the 
effect  of  different  sorts  of  stones  with  respect  to  their 
smoothness  and  hardness,  and  their  general  effect  upon 
the  force  of  traction  ? — No,  I  have  not. 

I  would  wish  to  ask  you  a  question  with  respect  to  the 
vibration  upon  a  road ;  you  stated  that  you  considered  the 
vibration  a  great  repellant  to  the  tractive  power;  now, 
in  going  over  a  moss,  for  instance,  where  there  is  an 
evident  vibration,  do  you  consider  that  that  vibration  is 
repellant  to  the  tractive  power? — I  suppose  that  vibra- 
tion to  be  identical,  in  fact,  with  what  we  have  been  calling 
elasticity. 

Assuming  your  definition  to  be  correct,  that  vibration 
and  elasticity  are  the  same,  I  would  wish  to  ask  you 
whether  there  would  be  more  vibration  or  elasticity  in  a 
pavement  than  in  a  road? — There  would  be  less  in  a 
pavement  than  in  a  road. 

It  lias  been  observed  in  London  that  a  house  shakes 
more  from  a  carriage  going  along  the  pavement  than  it 
does  when  the  carriage  goes  along  a  macadamized  road  ? 
— Tliat  is  from  the  percussion.  I  should  state,  perhaps, 
in  speaking  of  pavement,  that  good  pavement  offers  the 
least  resistance  to  the  tractive  force.  I  should  say  that 
the  pavement  of  the  Strand  or  Fleet-street,  when  in 
good  order,  approaches  as  near  to  a  railroad  as  any  thing 
can  do. 

In  a  well  constructed  pavement,  such  a  pavement  as 
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you  have  alluded  to,  the  more  the  masonic  skill  the  less 
the  percussion,  and  the  greater  the  facility,  is  it  not  ?— * 
Yes. 

llierefore  the  great  desideratum  in  paving  is  that  there 
should  be  a  very  well  constructed  masonic  arrangement? — 
Yes ;  but  it  is  surprising,  and  you  would  scarcely  believe 
it  without  a  knowledge  of  the  fact,  the  extent  to  which 
that,  which  has  been  called  vibration,  exists  even  on  a 
railroad.  I  have  experimented  on  a  railroad  for  the 
purpose  of  feeling  its  surface  as  well  as  I  could.  I  have 
gone  in  carriages  without  springs,  and  it  is  impossible  to 
convey  to  you  the  intolerable  sensation  I  experienced. 
I  thought  every  limb  in  my  system  would  be  shaken  to 
pieces ;  and  that  is  the  case  even  over  the  best  railroads. 
It  was  produced  partly  by  the  joints  of  the  rails  on  the 
chairs;  there  is  also,  however,  some  unevenness  in  the 
surface  of  the  rail  which  you  can  scarcely  be  aware  of; 
but  it  may  be  seen  in  this  way.  If  you  go  to  a  railroad 
after  a  heavy  shower  of  rain,  and  before  the  wet  fully 
dries,  and  stand  with  your  face  to  the  sun,  so  that  the 
rays  of  the  sun  striking  on  the  rails  will  be  reflected  on 
the  eye,  you  will  see  plainly  all  the  unevenness  on  the 
surface  of  the  rails,  and  you  will  see  that  they  are  not 
inconsiderable. 

Have  you  at  all  calculated  the  amount  of  friction  pro- 
duced by  curves  on  a  railroad? — The  amount  of  that 
friction  depends  upon  the  velocity  with  which  the  carriage 
goes,  and  on  the  radius  of  the  curve ;  the  friction  increases 
in  the  same  proportion  as  the  square  of  the  speed ;  that  is 
to  say,  if  you  double  the  speed  it  will  give  four  times  the 
resistance ;  and  if  you  treble  the  speed  it  will  give  nine 
times  the  resistance,  and  so  on  in  proportion.  It  also 
depends  upon  the  radius  of  the  curve,  and  it  is  inversely 
in  proportion  with  the  radius  of  the  curve ;  the  less  the 
•radius  of  the  curve  the  greater  will  be  the  resistance. 


432  APPENDIX,    NO.  V. 

What  is  the  greatest  speed  you  have  ever  known  to 
be  travelled  by  carriages  on  a  railroad? — In  making 
experiments  I  have  gone  at  the  rate  of  48  miles  an 
hour. 

Are  there  any  other  observations  or  suggestions  you 
can  make,  which  you  think  will  be  serviceable  to  the 
Committee?-^ None,  that  I  am  aware  of. 
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Note  A.  Page  49. 

HOLYHEAD  ROAD. 

STOWE  VALLEY  IMPROVEMENT. 

InvestiffoHan  of  the  best  Plan  to  be  adopted  for  improving  the 
Road  through  Stowe  Hill  Valley.     By  John  MacneilL* 

In  a  great  public  work  of  this  kind,  where  a  considerable 
sum  of  money  is  to  be  laid  out,  it  becomes  of  the  greatest 
importance  to  ascertain  not  only  what  would  be  the  best 
plan  to  be  adopted,  but  also  to  what  extent  it  should  be 
carried,  or,  in  other  words,  what  sum  of  money  should  be 
laid  out  on  the  works  so  as  to  produce  the  most  advan- 
tageous result 

Without  altering  the  entire  line  of  road,  as  originally 
proposed  by  Mr.  Telford,  which  would  unquestionably 
have  been  the  wisest  measure,  there  does  not  appear  to 
be  any  means  of  effecting  an  improvement  of  the  present 
line  of  road,  except  by  embanking  across  the  valley,  or 
lowering  the  ridges,  or  by  both. 

It  is  evident  that  each  of  these  plans  will  admit  of 
different  degrees  of  perfection,  according  to  the  sum  of 
money  expended  on  the  works;  but  it  is  not  evident 
which  of  these  plans  is  the  best,  nor  does  it  follow  that 

*  This  and  the  following  notes  have  been  furnished  by  Mr.  MacneiU. 
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the  same  sum  of  money  would  produce  an  equally  bene- 
ficial improvement,  if  laid  out  in  raising  the  valley  with- 
out lowering  the  summits,  or  in  lowering  the  summits 
without  raising  the  valley.  In  order  to  solve  this  im- 
portant problem,  and  to  arrive  at  an  accurate  result  in 
this  and  similar  investigations,  it  is  necessary  to  know 
correctly  the  expense  of  horse  labour  under  the  varying 
circumstances  of  velocity  and  force  of  traction  on  different 
inclined  planes,  and  also  the  draught  of  carriages,  and 
the  ratio  of  the  increase  of  draught  in  consequence  of 
increase  of  velocity. 

By  the  experiments  lately  made  on  the  Holyhead  Road 
by  order  of  the  Parliamentary  Commissioners,  these  cir- 
cumstances have  been  accurately  ascertained  from  practical 
experience,  which  has  enabled  me  to  deduce  the  necessary 
formulae  from  actual  practice,  without  having  recourse  to 
theoretical  investigations  or  abstruse  calculations. 

To  go  into  the  detail  by  which  these  formulae  were 
deduced  would  be  in  this  place  unnecessary;  it  is  suffi- 
cient to  state  that  correct  tables  have  been  calculated  from 
these  formulae,  which  show  the  expense  of  drawing  a  given 
weight  with  a  given  velocity  over  every  rate  of  acclivity 
and  declivity,  and  length  of  inclined  plane. 

By  means  of  these  tables  the  expense  of  drawing  a 
ton  weight  over  any  line  of  road  may  be  determined  with 
great  accuracy.  Hence  all  that  is  necessary  in  the  present 
investigation  is,  to  calculate  by  the  tables  the  expense 
of  transportmg  a  ton  weight  over  the  existing  line  of 
road,  and  also  over  the  proposed  improvements.  The 
difference  will  be  the  saving  in  expense  of  drawing  one 
ton  with  the  given  velocity  over  the  proposed  improve- 
ment This,  multiplied  by  the  number  of  tons  that  pass 
over  the  road  each  day,  and  by  the  number  of  days  in  the 
year,  will  give  the  annual  saving,  which,  compared  with 
the  interest  of  the  money  necessary  to  be  expended  in 
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making  the  improvement,  will  clearly  show  whether  the 
saving  in  horse  labour  is  commensurate  with  the  proposed 
expense.  By  applying  the  same  criterion  to  each  of  the 
proposed  plans,  it  will  at  once  be  made  evident  which  of 
them  should  be  adopted,  as  that  which  would  produce  the 
most  beneficial  result  at  the  smallest  expense^  By  this 
method,  which  is  new,  and  founded  on  correct  principles, 
I  have  endeavoured  to  determine  the  most  advantageous 
method  of  improving  the  present  line  of  road  across  the 
Stowe  Hill  Valley  from  the  sixty-fifth  milestone  to  the 
Crown  public-house  at  Foster's  Booth,  a  distance  of  two 
miles. 

Plan  No.  I. 

By  this  plan  it  is  proposed  to  leave  the  present  road 
near  the  sixty-fifth  milestone,  and  to  pass  at  an  elevation 
of  twenty-seven  feet  lower  than  the  present  road:  from 
thence  it  would  descend  through  a  natural  valley  at  a 
rate  of  inclination  of  one  in  thirty  to  an  angle  in  the 
Lichborough  and  Northampton  road:  from  this  point  it 
woidd  pass  in  a  straight  and  horizontal  line,  at  an  eleva- 
tion of  fifty  feet  over  the  brook,  to  the  junction  of  the 
present  road ;  here  it  would  cross  the  road,  and,  skirting 
along  the  side  of  the  hills  at  an  inclination  of  one  in 
thirty,  running  nearly  parallel  to  the  present  road,  and 
at  about  fifty  yards  distance  from  it,  would  pass  the  sum- 
mit at  twenty-seven  feet  lower  level,  and  join  the  present 
road,  near  the  Crown  public-house* 

For  the  purpose  of  ascertaining  the  comparative  merit 
of  this  plan,  the  following  calculation,  as  above  described, 
has  been  made : — 

Pages  439  and  440  contain  the  calculation  of  the  ex- 
pense of  drawing  one  ton  over  the  present  line  of  road 
between  the  given  points,  in  both  directions;  which 
amounts  to  82 '  0647  pence. 
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Page  441  contains  the  calculation  of  expense  of  draw- 
ing one  ton  over  the  proposed  improved  road,  as  above 
described,  between  the  same  points;  which  amounts  to 
76 '1724  pence.  By  this  it  appears  that  the  saving  in 
horse  labour  on  each  ton  will  be  5*8923  pence;  and  for 
170  tons  the  daily  saving  will  be  41.  Ss,  6d^  whicli,  at  five 
per  cent.,  is  interest  for  30,310t  10*.  The  estimate  for 
making  this  improvement  is  23,757/.     (See  page  446.) 

The  difference  between  the  amount  of  the  estimate  and 
the  saving  to  the  public  by  the  proposed  improvement  is, 
therefore,  6,553^,  which  is  the  actual  sum  the  public 
would  gain  by  this  improvement,  supposing  the  present 
traffic  to  continue;  if  the  traffic  increased,  the  saving 
would  be  still  more. 

Plan  No.  II. 

By  this  plan  an  embankment  is  proposed  to  be  raised 
across  the  valley,  seventy  feet  high,  and  1,313  yards  long, 
the  embankment  to  be  formed  with  earth  taken  from  the 
most  convenient  place,  without  having  recourse  to  cutting 
from  the  summits :  by  this  plan  part  of  the  present  road 
would  be  retained* 

By  a  calculation  similar  to  that  in  the  first  investigation, 
and  given  in  pages  441  and  442,  it  appears  that  the  mean 
expense  of  drawing  a  ton  between  the  sixty-fifth  mUestone 
and  the  Crown  Inn  at  Foster's  Booth,  would  be  79 '4584 
pence ;  and  as  the  expense  of  drawing  a  ton  over  the  pre- 
sent road  between  the  same  points  is  82*0647  pence,  the 
saving  in  expense  by  this  improvement  would  be  2*6053 
pence,  and  for  170  tons  it  would  be  1/.  I6s.  lldl,  which  is 
interest  for  16,394/.  The  estimate  for  this  improve^ 
ment,  as  detailed  in  p.  447,  is  28,890i  The  differ^ice 
between  this  sum  and  the  saving  is  12,496/1,  which  is 
the  loss  the  public  would  sustain  by  making  this  altera- 
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tion,  calculated  on  the  present  state  of  the  traffic  over 
the  road. 

Plan  No.  III. 

By  this  plan  it  is  proposed  to  raise  the  valley  fifty  feet, 
to  cut  twenty-seven  feet  from  the  summit  at  Foster's  Booth, 
and  reduce  the  inclination  from  1  in  16,  17,  and  18,  to  1 
in  30,  on  the  east  side  of  the  valley;  and  from  1  in  14  and 
15  to  1  in  30,  on  the  west  side  of  the  hill. 

The  embankment  wotild  commence  near  the  sixty-fourth 
milestone,  and  terminate  at  the  turn  of  the  road  leading 
to  Northampton.  The  mean  expense  of  drawing  a  ton 
weight  over  the  road,  when  improved  in  this  manner,  be- 
tween the  sixty-fifth  milestone  and  the  Crown  Inn  at 
Foster's  Booth,  as  given  at  p.  443,  would  be  78 '47 15 
pence:  here  the  saving  would  be  3 "5942  pence  on  each 
ton,  and  for  170  tons  it  would  be  2/.  10«.  lid,  which  is 
interest  for  18,483/1 

The  estimate  for  this  work,  as  detailed  in  p.  448,  is 
20,144/1;  the  loss  would  therefore  be  1,661/.  in  making 
this  alteration. 

Plan  No.  IV. 

By  this  plan  it  is  proposed  to  raise  the  valley  forty  feet, 
to  cut  twenty-seven  feet  from  the  summit  at  Foster's 
Booth,  and  ten  feet  from  the  siunmit  at  the  AngeL  The 
embankment  would  extend  from  near  the  turn  of  the  road 
to  Lichborough  to  the  upper  angle  of  Mr.  Drayson's  osier 
plantation,  and  the  lowering  of  the  summit  at  Foster's 
Booth  would  extend  into  Cold  Higham  Fields,  nearly 
similar  to  that  in  the  first  plan.  All  the  rest  of  the  road 
would  remain  as  at  present. 

If  this  improvement  were  made,  the  mean  expense  of 
drawing  one  ton  over  it  between  the  sixty-fifth  milestone 
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and  the  Crown  Inn  at  Foster's  Booth,  would  be  79 '8450 
pence,  as  shown  in  p.  444 :  the  saving,  therefore,  per  ton, 
would  be  2*2207  pence,  and  for  170  tons  it  would  be 
377*5190  pence;  which  would  be  interest  for  ll,420iL 

The  estimated  expense  of  this  improvement,  as  detailed 
in  p.  449,  is  14,171/.  The  difference  is  %751L;  wliich 
shows  the  amount  of  loss  the  public  would  sustain  by  com- 
pleting the  work  here  described. 

Plan  No.  V. 

By  this  plan  it  is  proposed  to  raise  the  valley  forty  feet, 
to  lower  the  summit  at  Foster's  Booth  twenty-seven  feet, 
and  the  summit  at  the  Angel  eighteen  feet.  If  this  im- 
provement was  adopted,  the  new  line  would  run  along  the 
south  side  of  the  present  road  to  near  the  sand  pits,  where 
it  would  cross  it  obliquely,  and  entering  a  small  ravine  on 
the  opposite  side,  it  would  cross  the  valley  in  a  straight 
line  for  the  upper  angle  of  the  osier  plantation.  At  this 
point  it  would  again  cross  to  the  south  side  of  the  present 
line,  and  follow  the  direction  described  in  the  first  plan. 

The  saving  in  expense  of  drawing  a  ton  over  this  line 
of  road,  when  made  as  above  described,  would  be  5*0200 
pence  (p.  445),  and  for  170  tons  it  would  be  475*  39  pence, 
which  would  be  interest  for  25,81521 

The  estimated  expense  of  this  improvement,  as  detailed 
in  p.  450,  is  19,607/.  The  difference  is  5,208^  which 
shows  the  amount  of  profit  the  public  would  aiS^uire  by 
completing  the  works  here  described. 
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439 


Expense  of  drawing  one  ton  by  a  stage  coach  over  the 
present  line  of  road  from  the  sixty-fifth  milestone  to  the 
Crown  Inn  at  Foster's  Booth. 


Length. 


Rates  of 
Inclination. 


Expense. 


Length. 


Rates  of 
Inclination* 


Expense. 


300  r. 
300  r. 
200  r. 
200  r. 
100  r. 
300  r. 
100  r. 
210  r. 
130  r. 
200  r. 
200  f. 
500  f. 
350  f. 
500  f. 
200  f. 
300C 
300  f. 
300  f. 
200  f. 
300  f. 
200  f. 
300  f. 


1  in 


300  f. 

300  f. 

300  f. 

280  f. 

200  f. 

200  f. 

150  f. 

200  f. 

300  f. 

170  r. 

190  f. 

43 
82 
82 
40 
17 
14 
15 
15 
31 
173 
197 
66 
43 
36 
29 
21 
81 
20 
22 
20 
20 
20 
20 
20 
20 
19 
19 
18 
24 
33 
56 
71 
64 


1*5246 
1*3872 
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•6774 
2*2539 
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1*5168 
•7112 
•8724 
'7808 
1*6880 
1*0797 
1*5425 
0*6170 
*9255 
•9255 
*9255 
*6170 
•9255 
•6170 
•9255 
•9255 
•9255 
•9255 
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•6170 
•6170 
•4627 
•6170 
•9255 
•7992 
•6348 


200r. 
500  r. 
300  r. 
I70r. 
500  r. 
830  r. 
220  r. 
100  r. 
200  r. 
300  r. 
300  r. 
300  r. 
200  r. 
200  r. 
400  r. 
500  r. 
800  r. 
200  r. 
300  r. 
500  r. 
250  r. 
160  r. 
250  r. 
300  r. 
250  f. 
400  f. 
400  f. 
200  fl 
130  f. 
300  f. 
200  f. 
S00£ 
13a 
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22 

20 

43 

97 

24 

24 

18 

19 

23 

18 

17 

16 

18 

24 

34 

64 

36 

20 

34 

19 

80 

34 

72 

119 

53 

37 

30 

19 

28 

78 

78 

Horizontal 


1^0200 
S^0415 
1^8927 

•8639 
2*2735 
4*8978 
1*2982 

•6597 
r6754 
1*7967 
1*9791 
2*0322 
1*3960 
1*3194 
2*3604 
2*6730 
3*8120 
1*0550 
1^8927 
2*6730 
1*6110 

•8828 
1 • 3365 
2*1333 

'9378 
1*2340 
1*2340 

•6170 

•4010 

•9255 

•7046 

r0569 

5360 


Pence  85^7272 


F  F  4 
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Expense  of  drawing  one  ton  by  a  stage  coach  over  the 
present  line  of  road  from  the  Crown  Inn  at  Foster's  Booth 
to  the  sixty-fifth  milestone  at  Stowe  Hill. 


^«^-     liSS^n.     E'P^"^ 


ISO 
300  r. 
200  r. 
300  r. 
130  r. 
200  r. 
400  r. 
400  r. 
250  f. 
300  f. 
250  f. 
160  f. 
250  f. 
500  f. 
300  fl 
200  f. 
800  f. 
500  f. 
400  f. 
200  f. 
200  f. 
300  f. 
300  f. 
300  f. 
260  f. 
100  f. 
220  f. 
830  f. 
500  f. 
170  f. 
300  f. 
500  f. 
200  f. 


Horizontal 

1    in  78 

78 

28 

19 

36 

37 

53 

119 

72 

34 

30 

19 

34 

20 

36 

64 

34 

24 

18 

16 

17 

18 

23 

19 

18 

24 

24 

97 

93 

20 

22 

42 


0*5360 

1*3950 

"9300 

1*6878 

•8377 

1*1036 

2*0968 

1*9592 

1*1172 

1*0377 

*7712 

*4936 

•7712 

1*5425 

*9255 

*6170 

2*6728 

1*5425 

1*2340 

*6170 

•6170 

•9255 

'9255 

•9255 

•8021 

"3085 

•6787 

2*5605 

1*8285 

*5244 

•9255 

*5425 

•6170 


^^^'      IndioaUon.   Expen*. 


190  r. 
170  r. 
300  r. 
200  r. 
150  r. 
200  r. 
200  r. 
280  r. 
300  r. 
300  r. 
300  r. 
300  r. 
200  r. 
300  r. 
200  r. 
300  r. 
300  r. 
200  r. 
200  r. 
500  r. 
350  r. 
500  f. 
200  f. 
200  f. 
130  f. 
210  f. 
100  f. 
300  f. 
100  f. 
200  f. 
200  f. 
300  f. 
300  f. 


1    in 


64 
71 
56 
23 
24 
18 
19 
19 
20 
20 
20 
20 
20 
20 
22 
20 
21 
21 
29 
36 
43 
66 
197 
173 
31 
15 
15 
14 
17 
40 
82 
83 
42 


'9053 
•5860 
1*4571 
1*0770 
•8851 
1*3194 
1*2888 
1*8043 
1*8927 
1*8927 
1*8927 
1*8927 
1*2618 
1*8927 
1'21G6 
1*8927 
1*8570 
1"8570 
1*1186 
2' 6375 
1  *  7787 
2*3725 
*8666 
•7744 
•4010 
•6478 
•9065 
•9255 
*S085 
*6i70 
•7116 
1*0674 
•9255 


Ezpenaeofoneton         -  78^402S 
Expense  of  one  ton  inl 
the    contrary    direo-  V85^7278 


the    contrary 

tion        -  -        -J 


2)164*1295 


NOTES. 
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Expense  of  drawing  one  ton  by  a  stage  coach  over  the 
road,  when  improved,  as  described  in  Plan  No.  I. 


From  the  Sixty-Jifth  Milestone 
to  the  Crovm  Inn  at  F.  B. 


Leneth.     ,    |.    ..  Eipenae. 

^  Inclination.  '^ 


437  r. 

78 
758  f. 
1135 
1090r. 
312  r. 

44  f. 

44  f. 

66  f. 

28 


1  in  65  ^ 
Horuontal    — - 

1  in  so  — 
Horisontal    — 

1    in    SO  — 

47  — 

28  — 

78  — 

78  — 

Horizontal    — 


9*4457 

1*4618 

10' 6286 

21*2700 

27-3650 

5*9708 

'6169 

•6606 

•9909 

•5247 

78^9350 


From  the  Crown  Inn  at  F.  B,  to 
the  Sixty-fifth  Milestone, 


Ltensth.     ▼    i* 

^  Inclination. 


312  f. 
1091  f. 
1135 
758  r. 

78 
437  f. 
28 
66  r. 
44  r. 
44  r. 


1  in  473 

so 

Horizontal 
1    in     30 

Horizontal 
1    in    65 

Horizontal 
1    in     78 

78 

28 


Expense. 

5*7209 
15*2980 
21*2700 
19*0128 

1*4618 

6*6716 
*5247 

1*3949 

'9299 

1*12521 


Pence  73*4098 
78*9350 


2)152*3448 


""7^7^}    ••«.«    76-. 7.4 


Expense  of  drawing  one  ton  by  a  stage  coach  over  the 
road,  when  improved,  as  described  in  Plan  No.  IL 


From  the  Sixty-fifth  Milestone 
to  the  Crown  Inn, 


^°«**  i^TJL.  ^*p««^- 


300  r.     1    in     43 


300  r. 
200  r. 
200  r. 
100  r. 
100  r. 
100  r. 
210  r. 
130  r. 
200  r. 


82 
82 
40 
17 
14 
15 
15 
3] 
173 


1*5246 
1*3872 

*924B 
1*0300 

*6774 
2*2539 

*7223 
1*5168 

'7112 

'8724 


From  the  Crown  Inn  to  the 
Sixty  fifth  Milestone. 


^«^'      In^^ul      Eipenze. 


130 
300  r. 
200  r. 
300  r. 
130  r. 
200  r. 
400  r. 
400  r. 
250  r. 
300  f. 


Horizontal 
1    in     78 

78 

28 

19 

30 

37 

53 

119 

72 


'5360 
1*3950 

'9300 
1*6878 

*8377 
1*1036 
2*0968 
1*9592 
1*1172 
1*0377 


Table  —  contijtued. 


From  the  Crown  Inn  to 

the 

From  tie  Siitg-Jiflh  JUiltMlonf  le  \ 

Sixt^-fifth  Afilciloac, 

tAt  Croum  Inn.                   | 

WH.      ,^S. 

1    ■=-- 

^^-  ,„S™„ 

on.       JiipeoK. 

300 

1    in  197 



7Boa 

250 

1    iD     34 

-T7i2 

5O0 

6800 

160 

30 

-493« 

3SO 

250 

'TTiS 

36 

5425 

500 

94 

1-5425 

aoo 

6170 

20 

-9555 

500 

200 

-6170 

300 

21 

9255 

800 

2*67W 

300 

SO 

»2r,5 

500 

34 

1-5425 

24 

1*3S40 

300 

SO 

9255 

200 

-eiTO 

200 

20 

6170 

200 

16 

, -6170 

5970 

Horiionul 

24 

300 

17 

'9255 

SOO 

23 

300 

18 

-9255 

300r 

18 

1 

9791 

300 

83 

'9255 

17 

0322 

5970 

Horitontal 

24-6143 

200 

16 

200 

1-2618 

SOOr 

18 

3!  94 

300 

1-8927 

3604 

200 

S-i 

1-9166 

6730 

20 

1-8927 

8120 

30O 

81 

1-8570 

SOO 

36 

05S0 

3O0 

1-8570 

300 

SO 

8927 

29 

riIB6 

500 

6730 

2" 6375 

250 

19 

6110 

350 

1-7787 

I  GO 

8828 

5O0t 

66 

2-3725 

33fi5 

197 

-8666 

300t 

72 

a 

1333 

SOO 

173 

-7744 

250 

937B 

130 

31 

'4010 

53 

IS 

-6478 

400 

37 

2340 

100 

15 

-SOBj 

200 

30 

6170 

300 

14 

-9255 

130 

19 

100 

17 

-30BS 

300 

9255 

aoo 

40 

-6170 

QUO 

7046 

200 

-7116 

300 

78 

300 

82 

1-0674 

Uoriumul 

Pence  S3 

5360 
1388 

300 
M«i 

43 

-fKSS 

Pence  75-4780 
83-43811 

9)158- SI6S 

Pew»  79-45M 

NOTES. 
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Calculation  of  the  expense  of  drawing  one  ton  from 
Foster's  Booth  to  Stowe  Hill,  and  from  Stowe  Hill  to 
Foster's  Booth,  on  the  supposition  of  raising  the  valley 
fifty  feet,  lowering  the  summit  at  Foster^s  Booth  twenty- 
four  feet,  and  reducing  the  slopes,  from  1  in  16,  17,  and 
18,  to  1  in  27  on  the  south  side  of  the  hills,  and  from 
1  in  14  and  15  to  1  in  80  on  the  north  side  of  the  hill, 
as  described  in  Plan  No.  III. 


Length. 


Rates  of 
Inclination. 


Expense. 


SOOr. 
1730  r. 
500  f. 
350  f. 
500  f. 
200  f. 
300  f. 
300  f. 
300  f. 
200  f. 
300  f. 
200  f. 

300  r. 

600  f. 
36*30 
2760  r. 

400  r. 

500  r. 

800  r. 

200  r. 

300  r. 
2970 

200  f. 

200  f. 

300  f. 

130 


1  in  43 

30 

€6 

43 

36 

29 

21 

21 

20 

22 

20 

20 

20 

20 

Horizontal 

1    in  30 

24 

34 

64 

36 

20 


r 

9* 
1* 
1* 
1' 


Horizontal 
1    in    28 

78 

78 

Horizontal 


r 

14* 

15* 

2* 

2* 

3* 

r 

1- 
12- 


r 


5246 
5461 
6880 
0797 
5425 
6170 
9255 
9255 
9255 
6170 
9255 
6170 
9255 
8510 
9664 
2297 
3604 
6730 
8120 
0550 
8927 
2453 
6170 
7046 
0569 
5360 


From  Stowe     1      „         o/\»act\A 
HiUtoF.B.}     Pence  80  8594 


^^f^'      IndlMti^l       ^^P""^ 


130 

SOOr. 

200  r. 

200  r. 
2970 

300  f. 

200  f. 

300  f. 

500  f. 

400  £ 
2760  f. 
3630 

600  r. 

SOOr. 

200r. 

SOOr. 

200  r. 

SOOr. 

SOOr. 

SOOr. 

200  r. 

500  r. 

350  r. 

500  r. 
1730  f. 

300  f. 


Horizontal 

1   in  78 

78 

28 

Horizontal 

1    in  20 

36 

64 

34 

24 

30 

Horizontal 

1   in  20 

20 

20 

20 

22 

20 

21 

21 

29 

86 

43 

66 

SO 

43 


0*5360 
13950 

•9300 

1*6878 

12*2453 

•9255 

•6170 
2*6728 
1*5425 
1*2340 
8*5146 
14*9664 
3*7854 
1*8927 
1*2618 
1*8927 
1*2166 
1*8927 
1-8570 
1*8570 
1*1186 
2*6375 
1*7787 
2^3725 
5*3370 

'9255 


From  F.  B.  to 
Stowe  Hill 


} 


Pence  76*0836 
80*8594 


2)156*9430 


^ffonYE!^"!      Pence  78*4715 
or  one  ton     J 


Calculation  of  the  expense  of  drawing  one  ton  by  a 
stage  coach  from  the  Crown  Inn  at  Foster's  Booth  to  the 
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sixty-fifili  milestono,  and  from  the  sixty-fifth  inilestODe  to 
tlie  Crown  Inn  at  Foster's  Booth,  on  tlie  supposition  of 
raising  the  valley  forty  feet,  cutting  twenty-seven  feet 
from  the  summit  at  Foster's  Booth,  and  reducing  the 
inclination  on  Lovell's  Hill  from  1  in  14  and  15  to  1  in 
30,  as  described  in  Plan  Na  IV. 


L^gih 

I.S1        E-P-- 

Lenatb 

lUlaof 

E<p««, 

300  T. 

]    in     43  1 

5246 

130 

■5360 

5Wt 

SOOr. 

1    in     78  

1-3950 

aiof. 

6HtO 

200  r. 

350  f 

43  1 

0797 

500  f. 

54M 

2970 

12-2453 

aoof. 

300  r. 

1    in     20  

■9255 

300  f. 

21  

9255 

soon 

300  f- 

9255 

8oor. 

9-6728 

3oor. 

500  f. 

34  

1-5425 

aoof. 

2S  

6170 

400  f- 

1-2340 

300  f. 

9555 

200  f. 

■6170 

sfoor. 

6170 

200  r. 

16  

■61T0 

9:155 

HOOf. 

■9S55 

:KWf. 

20  

9'2SS 

300  f. 

■9255 

400  f. 

20  1 

2340 

300  f. 

23  

■9255 

3960 

HoriwiiUl  16 

260  r. 

19 

■80S1 

1    in     24  3 

83S7 

100  f. 

6597 

650  f. 

3-0052 

HCOr. 

19  1 

3960 

IloriioDUl  

16-3271 

7967 

400  r. 

1    in     20  

2-JS36 

300  r. 

18  1 

9791 

1-8927 

wnr. 

17  .     2 

0322 

1-8927 

3960 

MOOr. 

SO  

1-2618 

300  r. 

3194 

300  r. 

18927 

«)0r. 

94  3 

3604 

12166 

SOOr. 

SOOr. 

20  

rS927 

SOOr. 

36  1 

05SO 

r85TO 

300  r. 

20  1 

H927 

200  r. 

rii8« 

3970 

Horimnlal  12 

500  r. 

2-6375 

soor. 

6170 

350  r. 

200  r. 

7046 

a-37S5 

300  f. 

7S  1 

1730  f. 

S-3370 

130 

5360 

300  f. 

43  

■9255 

lo  F.  B.        ;  '^^  8' 

9M1 

From    F.  B.   Wl    _,„ 
8to»e  HiU       1  ^^^ 

77-6959 

81-9941 

"~^P«"<"}2) 

59- 6900 

Pelire79-e450  1 

NOTES. 
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Calculation  of  the  expense  of  drawing  one  ton  by  a 
stage  coach  over  the  road,  when  improved,  as  described  in 
Plan  No.  V. 


From  Stowe  Um  to  F.  B. 


^^^^'    I^^Uon.         Expense. 


From  F,  B.  to  Stowe  HiU, 


^"«^-    IndlSlu^n.         ^^^'*^' 


437      1  in     65  r. 


758 


286 


44 


44 


66 


SOf. 


1,135     Horizontal 

1,130      1  in     30  r. 

231     138  f. 


85  f. 
28  f. 
78  f. 
78  f. 


28      Horizontal 


—  9*4457 

—  10*6286 

—  21*2710 

—  28*3437 

—  3*9951 

—  A' 6555 

—  '6169 

—  '6606 

—  '9909 
'5247 

Pence  81' 1327 


286      1  in     85  r. 


231 


1,130 


437 


44 


44 


130  r. 


SOf. 


1,135      Horizontal 
758      I  in     30  r. 


65  f. 


28      Horizontal 
66      1  in     78  r. 


78  r. 


28  r. 


5' 9879 
4' 6431 
15' 8448 
21' 2710 
19*0129 
6'6716 
'5247 
1'3949 
'9299 
1*1252 


Pence  77*4060 


81*1327 


2)J54*0914 


Mean  expense  of  one  1      77*0457 
ton        -        -     -J 


44^  NOTES. 


Plan  No.  I. 

Estimate  of  the  expense  of  making  a  new  line  of  road 
between .  Stowe  Hill  and  Foster's  Booth,  by  which  the 
valley  would  be  raised  fifty  feet,  and  the  greatest  rate  of 
inclination  in  any  part  would  not  exceed  1  in  30. 

£        s.    d. 

To  266,524  cubic  yards   of  earth-work, 

at  1*.  -  -  -  -    13,326     0     0 

To  24,238   cubic   yards  of  earth-work, 

at6(i  -  -  -  -         605     0     0 

To  20  acres  of  land  for  site  of  new  road 

and  embankment,  at  100/.  per  acre      -  2,000     0  0 

To  1,135  yards  offences  over  the  embank- 
ment, at  \0s.        ...            -  567  10  0 

To  2,935  yards  of  post  and  rail  fences, 

at  6*.              -             -             -             -  888  10  0 

To  4,070  yards  of  road-making,  at  15«.    -  3,052  10  0 

To  culverts,  8  feet  wide,  under  embank- 
ments             ....  616     0  0 

To  cross-drains         -          -          -           -  50     0  0 

To  field-gates               -               -               -  100     0  0 

To  toll-house  and  gates          ...  400     0  0 


21,597  10     0 
Contingencies,  to  cover  unforeseen  expenses    2,159  10     0 


j^^757     0     0 


NOTES.  447 


Plan  No.  IL 

Estimate  of  the  expense  of  raising  the  valley  seventy 
feet 

£       8,  d. 

To  668,512  cubic  yards  of  earth-work  in 

the  embankment,  Bt7cL  -  -    19,498    5     4 

To  25  acres  of  land  to  be  purchased  to 
supply  earth  for  the  embankment,  at 
lOOZ.  -  .  -  -     2,500     0     0 

To  14  acres  of  land  required  for  the  site 

of  the  embankment,  at  lOOi         -        -      1,400     0     0 

To  1,313  yards  offences  over  the  embank- 
ment, ailOs.         -  -         -  -        656  10     0 

To  1,313  yards  of  road-making,  at  15^.    -        984  15     0 

To  culvert,  8  feet  wide,  under  embank- 
ment -  -  -  -         824     0     0 

To  toll-house  and  gates        .         -         -        400    0    0 


26,263  10     4 
Contingencies  ...     2,626     9     8 


^28,890    0    0 


448  NOTES. 

Plan  No.  III. 

Estimate  of  the  expense  of  raising  the  valley  fifty  feet, 
lowering  the  summit  at  Foster's  Booth  twenty-seven  feet, 
and  reducing  the  slopes  from  1  in  16,  17,  and  18,  to  1  in 
30,  on  the  east  side  of  tlie  valley;  and  from  1  in  14  and 
15  to  1  in  30,  on  the  west  side  of  the  valley. 

£       t.  d. 

To  104,671   cubic   yards   of  earth-work, 

atU  -  -  -  .      5,233  11     0 

To  207,781   cubic  yards  of  earth-work, 

at7d.  -  -  -         -         -      6,060     5     7 

To  31,784  cubic  yards  of  earth,  at  6d.      -         794  12     0 

To  13 J  acres  of  land,  to  be  purchased  for 
the  new  lines  of  road  and  embankments, 
at  100/.  per  acre         -         -         -         -      1,350     0     0 

Ten  acres  of  land  to  be  purchased  to 
supply  earth  for  the  embankments,  at 
loot 1,000     0     0 

To  682  yards  of  fences  over  the  embank- 
ments, at  105. 

To  1,766  yards  of  post  and  rail  fence,  at  ^s. 

To  2,450  yards  of  road-making,  at  155.     - 

To  culvert,  8  feet  wide,  under  the  em- 
bankment -  -  - 

To  cross-drains 

Field-gates  ... 

Toll-house  and  gates 


Contingencies 


341  0 

0 

529  16 

0 

1,837  10 

0 

616  0 

0 

50  0 

0 

100  0 

0 

400  0 

0 

18,312  14 

7 

1,831  5 

5 

?20,144  0 

0 

NOTES. 
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Plan  No.  IV. 

Estimate  of  the  expense  of  raising  the  valley  forty  feet^ 
cutting  twenty-seven  feet  from  the  summit  at  Foster's 
Booth,  and  reducing  the  inclinations  from  1  in  14  and  15 
to  1  in  30  on  the  west  side  of  Lovell's  Hill. 


To  104,671  cubic  yards  of  earth-work,  at 
Is. 

To  12,440  cubic  yards  from  back  cutting, 

at  9rf. 
To  6<%931  cubic  yards  from  back  cuttmg, 

at  7rf. 
To  2,611  cubic  yards  of  earth  from  back 
cutting,  at  6d.  -  -  - 

To  three  acres  of  land  to  be  purchased  for 
supplying  earth  for  embankment,  at  100^ 
To  twelve  acres  of  land  to  be  purchased 
for  the  site  of  embankments,  and  for 
the  cutting  at  Foster's  Booth  and  Lovell's 
HUl,  atlOO/.         -  -  -  - 

To  616  yards  offences  over  the  embank- 
ment, at  10*.  -  -  -  - 
To  1,870  yards  of  post  and  rail  fence,  at  6«. 
To  2,486  yards  of  road-making,  at  15^.  - 
To  eight  feet  culvert  under  embankment 
To  cross-drains  -  -  - 
To  field-gates,  &c.  -  .  - 
To  toll-house  and  gates         -         -        - 


Contingencies 


£ 


jt. 


5,233  11     0 


466     0     0 


1,864  13     1 


65     5     6 
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0 
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12,882  19     7 
-      1,288    0     5 

^14,171     0     0 
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Plan  No.  V. 

Estimate  for  the  expense  of  raising  the  valley  forty  feet, 
cutting  twenty-seven  feet  from  the  summit  at  Foster's 
Booth,  and  fourteen  from  the  summit  at  Stowe  HilL 

£       s.    d. 

To  198,200  yards  of  earth- work  in  em- 
bankments taken  from  the  cuttings,  at  \s. 

To  2d^  acres  of  land  for  cuttings  and  em- 
bankments, at  100/.  .  -  - 

To  682  yards  of  fences  on  the  embank- 
ments, at  10^. 

To  3,374  yards  of  post  and  rail  fences, 
at  6«. 

To  4,055  yards  of  road  materials,  at  15«. 

To  8  feet  culvert  under  embankment 

To  cross-drains  -  -  » 

Field-gates  -  -  -  - 

Toll-house  and  gates  -  - 


9,910     0     0 


2,350     0    0 


341      0    0 


1,014 

4 

0 

3,041 

5 

0 

520 

0 

0 

100 

0 

0 

150 

0 

0 

400 

0 

0 

Contingencies 


17,824     9    0 
-      1,782  11     0 

.^19,607     0     0 


General  Abstract. 


No.  of 
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Saving  in 
Hone  Labour. 


Saving;  to  the 
Fu^c. 


Loai  to  the 
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- 
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3. 

20,144 

0 

0 
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0 

0 
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- 
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1,«61 
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0 

4. 
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0 
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2,751 
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0 

5. 

19.607 
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0 

25,815 
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0 

5,208 
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Note  B.  Page  67. 


jL  he  resistance  produced  by  collision  is  seldom  a  constant 
retarding  force ;  loose  stones,  or  hard  substances,  are  some- 
times met  with,  and  will  give  a  sudden  check  to  the  horses, 
according  to  the  height  of  the  obstacle:  the  momentum 
thus  destroyed  is  often  very  considerable. 

The  power  required  to  draw  a  wheel  over  a  stone  or 
other  obstruction  may  be  thus  determined:  —  Suppose 
A  B  D  to  represent  a  carriage  wheel  fifty-two  inches  in 
diameter,  the  axis  2 '  5  inches  in  diameter,  the  weight  of 
the  wheel  200  lbs.,  and  the  load  on  the  axle  300  lbs.  Let 
a  stone  or  other  obstacle  four  inches  high  be  represented 
as  at  S ;  the  power  necessary  to  be  applied  to  the  axle  to 
draw  the  wheel  over  the  stone  is  thus  found : — Suppose  P 
the  power  which  is  just  sufficient  to  keep  the  wheel  ba- 
lanced, or  in  equilibrio,  when  acting  from  the  centre  C  in 
the  direction  C  P.  The  force  acting  against  this  power  is 
gravity,  and  is  equal  to  the  weight  of  the  wheel  and  load 
on  the  axle,  acting  from  the  centre  C  in  the  direction  C  B. 
These  forces  act  together  against  the  point  D  in  the  direc- 
tion CD.  Gravity  acts  in  the  direction  CB  with  the 
energy  or  length  of  lever  D  B,  and  the  power  acts  in  the 
direction  CP,  with  the  leverage  BC;  and  the  equation 
of  equilibrium  will  be  W  D  B  P  x  CB.  In  this  equation, 
C  B  the  radius  of  the  wheel  diminished  by  the  height  of 
the  obstacle,  and  BD  equals  v'DC*— BC*;  hence  the 

J,    Wxv'DC'-BC*     .       .  ,  , 

power  P= =r^ — =r^ :    m   the    present    example^ 
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W  =  500;  DC=?^=26;  BC=DC-DS=->6  — 4=2-2: 

and  i/DC?— BC*=  13*85;  the  power,  tlierefore,  which  is 
necessary  to  keep  tlie  whole  in  equilibrium,  or  resting  off 
the  ground,  supported  at  the  point  D,  will  be  equal  to 

^?^i^l^-^=314-3lbs. 

The  pressure  at  the  point  D  is  equal  to  the  joint  action 


of  the  power  and  weight,  as  before  stated ;  this  in   the 
present  instance  is  represented  by  tlie  radius  of  the  wheel : 

CD  X  500      26  X  500 


hence  CB  :  CD:: 500  : 


=591  lbs. 


CB  =  22 
nearly.  The  injury  which  a  road  sustains  by  this  pressure 
acting  on  a  small  point,  and  in  an  oblique  direction,  is 
very  great :  but  it  is  not  alone  in  this  that  the  road  suffers : 
the  force  with  which  the  wheel  strikes  the  surface,  in  its 
descent  from  the  top  of  the  stone  is  considerable^  and 
would  soon  wear  a  hole  in  tlie  hardest  road.  But  it  must 
be  observed,  that  a  carriage  mounted  on  proper  springs 
will  be  drawn  over  an  obstacle  of  this  kind  with  much  less 
power  than  if  tlie  carriage  had  no  springs;  for  the  springs 
allow  the  wheels  to  mount  over  the  obstacle  without  raising 
ihe  body  of  the  carriage,  and  its  road  along  with  it,  to  the 
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same  height :  upon  this  principle  alone  it  is  that  carriages 
mounted  on  proper  springs  are  easier  moved  than  those 
without  springs;  and,  for  the  same  reason,  springs  are 
more  necessary  on  rough  and  uneven  roads  than  on  smootli 
ones;  and  in  proportion  to  the  roughness  of  the  roads 
should  the  springs  be  free  and  elastic ;  and  it  is  to  the 
improvement  in  the  roads,  of  late  years,  that  the  rigid 
elliptic  springs  on  carriages  have  been  substituted  for  the 
C  springs  formerly  in  use ;  for,  when  ruts  were  very  nume- 
rous, and  the  surface  of  the  roads  rough  and  uneven,  the 
springs  that  are  now  used  would  have  been  of  very  little 
use,  as  their  vertical  motion  is  so  limited,  besides  having 
no  lateral  play. 

By  enlarging  the  diameter  of  the  wheel,  the  power 
required  to  draw  it  over  an  obstacle  will  be  diminished ; 
and,  should  the  weight  of  the  wheel  remain  the  same,  the 
power  will  decrease  nearly  as  the  diameter  of  the  wheel 
increases ;  we  have  seen  that,  when  the  wheel  was  fifty-two 
inches  in  diameter  (which  is  the  general  size  of  the  front 
wheels  of  waggons),  it  required  about  314  lbs.  to  keep  the 
wheel  in  equilibrium  when  resting  on  a  point  four  inches 
above  the  general  surface.  Suppose,  now,  that  the  hind 
wheel  (the  diameter  of  which  is  sixty-four  inches)  is  to  be 
pulled  over  the  same  obstacle,  the  power  will  be  found  to 
be  only  305  lbs.,  although  the  weight  is  increased  70  lbs. 
by  enlarging  the  wheel ; 

^"'  ^=        DC-DS        =—28 ^^- 

In  this  investigation  we  have  supposed  the  power  to 
act  directly  from  the  centre,  and  parallel  to  the  horizon, 
which  supposition  is  sufficient  for  practical  purposes ;  but, 
if  great  accuracy  be  required,  it  will  be  necessary  to  allow 
for  the  thickness  of  the  axletree,  and  to  diminish  tlie 
length  of  the  lever  by  which  the  power  and  weight  act ; 
for  suppose  the  power  to  balance  the  weight,  the  point  oi* 
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contact  of  the  axle  with  the  nave  will  be  at  half  a  right 
angle  firom  the  vertical  line,  or  the  arch  ef  will  be  45°, 


and  y  H  will  represent  the  force  and  direction  of  gravity, 
and  S  H  that  of  the  power  j  but  y*H  is  equal  to  C  B— Ci, 
and  S  H  is  equal  to  S  B— y*i,  and  because yt  C  is  a  right 
angle,y*i  =  C  t.  If  the  radius  of  the  axle  CF  be  1  *  5  inches, 
the  sine  y I,  or  C  i,  of  45°,  will  be  1*06  inches:  hence 
SH  =  S  B-r06  =  13*83-1 '06  =  12*79,  and/H= 
CB-/5r  =  22  -  1*06  =  20*94;  and  the  power  P  = 
500x12*79^^^.^  jj^     ^^^^  .g  j^  jj^g  j^  ^^  ^^ 

20  94 
before  found,  without  allowing  for  the  diameter  of  the 
axle. 

If  the  power  be  applied  to  the  axle  in  a  direction  not 
parallel  to  the  horizon,  but  inclining  upwards,  as  repre- 
sented in  the  following  figure,  the  resistance  will  be 
diminished,  or  a  less  power  will  be  required;  for  the 
leverage  by  which  the  power  acts  is  increased,  while  the 
leverage  by  which  gravity  acts  is  decreased,  until  the  line 
of  draught  forms  a  right  angle  with  the  line  drawn  £r<»ii 
the  centre  of  the  axle  to  tlie  point  of  contact,  in  which 
case  the  power  is  a  minimum.  On  the  contrary,  if  the 
direction  of  the  line  of  draught  be  inclined  downwards 
from  the  horizontal,  the  leverage  by  which  it  acts  will  be 
diminished,  and  consequently  the  power  must  be  increased 
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as  the  direction  of  the  line  of  draught  falls  below  the 
horizontal. 


Formerly  it  was  the  practice  to  fasten  on  the  streaks  of 
iron,  or  shoeing,  on  the  wheels  of  carriages  with  nails,  the 
heads  of  which  projected  at;,  least  half  an  inch  beyond  the 
surface  of  the  wheel.  These  heads  formed  a  succession  of 
obstacles  over  which  the  wheel  had  to  mount;  and, 
besides  being  extremely  injurious  to  the  roads,  were  a 
serious  obstacle  to  the  eflTective  work  of  horses :  the  iron 
shoeing  is  now  generally  put  on  in  hoops,  and  fastened  by 
rivets,  the  heads  of  which  are  countersunk,  and  therefore 
form  no  impediment  to  the  rolling  of  the  wheeL 

When  the  surface  is  indented,  or  furrowed  into  small 
cavities,  such  as  a  pebble  pavement  or  badly  dressed  stone 
(into  which  the  wheel  falls,  producing  a  shock,  the  noise 
of  which  is  well  known),  the  resistance  which  is  produced 
arises  from  a  different  cause.  For  the  momentum  or 
velocity  in  the  horizontal  direction  is  partly  destroyed  by 
the  descent  of  the  wheels  into  the  hollows  and  the  blow  or 
collision  against  the  opposite  side  of  the  cavity. 

The  resistance  produced  by  such  a  surface  has  also  been 
investigated  by  M.  Gerstner.  His  reasoning  may  be 
briefly  stated  as  follows :  — 
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Suppose  BED  one  of  the  cavities  formed   by  two 
contiguous  stones. 


Let  the  tangents  B  £  and  D  £  be  drawn  to  the  circum- 
ference of  the  wheel  at  the  points  of  contact  B  and  D,  and 
suppose  the  velocity  to  be  represented  by  AE  =  HE  in 
magnitude  and  direction. 

From  the  point  E  as  a  centre,  and  with  the  radius  A  E, 
describe  the  semicircle  G  A  H,  and  let  fall  the  perpendi- 
cular A  F.  The  velocity  A  £  may  be  resolved  into  two 
others,  A  F  and  F  £ :  of  these  two,  one,  A  F,  is  destroyed 
by  the  shock,  and  the  other,  F  £,  remains  acting  in  the 
direction  £  D ;  consequently,  the  loss  of  velocity  is  equal 
to  A£-£F=£G-£F=GF;  and  this  loss  must  be 
compensated  by  an  increase  in  the  force  of  traction. 

To  avoid  a  complicated  calculation,  suppose  the  force  of 
traction,  K%  to  be  a  constant  accelerating  force ;  Q,  the 
weight  of  the  carriage ;  and  2  ff  t^  the  velocity  which  gra- 
vity would  generate  in  the  weight  Q  at  the  end  of  the 
time  t:  we  shall  then  have 

K///=Q1FG     B^^  YQ  .  AG::  AG  :  2  AE;  from  which 
2fft 
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FG=  -  — ;  and  from  the  similar  triangles  AEG,  DCB; 

AG  :  AE::DB  :  BC;  from  which  AG=:^^^;  but 

MN 
^= ;  r  representing  the  velocity  with  which  the  space 

u 
M  N  is  traversed  in  the  time  t     By  making  these  sub- 

stitutions,  the  former  equation  becomes  K'"  =     ^^.    . 

4^  M  N 


/DBV 
VBC/. 


From  this  expression  the  following  conclusions  may  be 
drawn :  — 

1.  That  the  resistance  arising  from  a  surface  of  this 
description  is  proportional  to  the  load. 

2.  That  the  draught  or  force  of  traction  is  proportional 
to  the  square  of  the  velocity;  and  consequently  pebble  or 
rough  pavements  are  more  adapted  for  heavy  loads,  with  a 
slow  velocity,  than  for  light  carriages  with  quick  velocities. 

3.  That  the  draught  increases  in  the  inverse  ratio  of 
M  N ;  that  is,  as  the  distance  between  the  paving-stones 
diminishes,  or  as  the  stones  are  narrow,  the  cavities 
remaining  the  same. 

4.  That  the  draught  increases  in  the  ratio  of  the  width 
of  the  cavity  to  the  radius  of  the  wheeL 

When  the  stones  made  use  of  for  paving  are  of  a  good 
shape,  well  dressed,  and  sufficiently  large,  and  laid  on  a 
firm  and  substantial  foundation,  they  form  the  most  perfect 
road  surface  for  general  purposes.  The  cavity  between 
the  stones  should  not  exceed  half  an  inch  in  width,  by 
which  means  carriage  wheels  would  pass  over  them  without 
the  least  shock  or  resistance,  and  consequently  without 
producing  the  noise  often  complained  of  in  towns,  at  the 
same  time  tliat  the  surface  would  be  sufficiently  rough  to 
prevent  the  horses  from  slipping. 
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Note  C  Page  72. 

i-  HE  next  resistance,  friction,  which  we  shall  consider,  is 
that  which  arises  from  the  wheels  being  forced  over  ob- 
stacles which  break  down  under  their  weight,  or  when 
they  are  drawn  through  mud  or  other  soft  substances,  or 
when  the  material  of  which  the  road  is  composed  (such  as 
gravel  or  small  stones)  is  put  on  a  soft  or  yielding  sub- 
stratum, in  layers  so  thin  that  the  weight  of  tiie  wheel  can 
make  an  impression  on  it 

Let  ABC  represent  a  carriage  wheel  resting  on  the 


horizontal  road  B  D,  the  surface  of  which  is  hard  and 
solid,  but  covered  with  mud,  sand,  or  gravel,  to  the  height 
of  the  line  A  £ :  if  it  be  very  soft,  the  wheel,  as  it  rolls 
along,  will  press  through  it  as  if  it  was  water,  and  rest  on 
the  hard  and  firm  surface  B  D.  If  it  be  of  a  more  tenacious 
nature,  as  some  clays,  or  composed  of  sand  or  gravel  which 
the  wheels  will  only  compress,  without  displacing  it,  the 
wheel  will  not  go  to  the  hard  surface,  but  approach  it  in 
proportion  to  the  weight  on  the  axle  or  wheel  and  the 
compressibility  of  the  material  over  which  it  passes.  A 
heavy  wheel  will  sink  deeper  than  a  light  one  into  a  soft 
road,  if  both  wheels  be  of  the  same  dimensions.  At  the 
point  A,  where  there  is  no  weight,  the  surface  is  undis- 
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turbed;  and  at  the  point  B,  the  material  composing  the 
road  is  compressed  and  sunk  as  much  as  it  can  be  by  such 
a  weight :  all  the  intermediate  part  between  A  and  B  is 
pressed  by  a  less  weight,  decreasing  from  B  towards  A, 
and  is  proportionally  compressed  or  lowered.  The  resist- 
ance which  is  opposed  to  the  wheel  evidently  arises  from 
its  action  upon  that  portion  of  sand  or  mud  contained 
between  A  and  B;  and  the  power  necessary  to  overcome 
this  will  depend  upon  the  length  of  lever  at  which  it  acts,  or 
the  depth  to  which  the  wheel  sinks,  and  the  stiffiiess  or 
incompressibility  of  the  substance  which  covers  the  road. 
Hence  it  is  impossible  to  say  or  calculate  the  power  or 
draught  necessary  to  draw  a  carriage  over  a  road  so  cir- 
cumstanced, without  experiments  being  made  to  ascertain 
the  compressibility  of  each  substance,  and  the  consequent 
effect  on  the  draught  of  carriages  with  wheels  of  different 
construction,  and  different  loads.  It  is,  however,  within 
the  power  of  mathematical  investigation  to  furnish  formulae 
by  which  the  law  of  increase  in  the  power  necessary  to 
overcome  such  resbtances  is  known,  and  by  combining 
these  with  experiments  the  power  necessary  to  draw  a 
carriage  over  any  line  of  road  may  be  determined. 

If  the  resistance  arises  from  the  wheel  sinking  into  a 
soft  stratum,  instead  of  through  an  accumulation  of  mud 
or  dust,  until  it  rests  on  a  firm  surface^  the  investigation 
will  be  similar :  the  only  difference  is,  that  in  one  case 
the  wheel  can  only  sink  a  limited  depth ;  for,  arriving  at 
the  hard  surface  of  the  road,  it  can  penetrate  no  farther. 
The  leverage  at  which  the  power  acts  will  remain  constant, 
if  the  weight  be  sufficient  to  press  the  wheel  through  the 
soft  covering  to  the  solid  surface.  The  resistance  will 
depend  upon  the  nature  of  the  material  through  which  it 
rolls ;  but,  if  there  be  no  solid  or  hard  substratum  under 
the  outer  crust,  there  will  be  no  limit  to  the  depth  to 
which  the  wheel  will  sink.  Thus,  when  a  cart  is  drawn 
through  a  ploughed  field,  it  is  well  known  that  the  wheels 
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will  penetrate  to  a  depth  proportionate  to  the  load,  and 
the  labour  of  the  horses  will  be  increased  accordingly. 

This  effect  is  nearly  the  same  as  that  which  takes  place 
when  a  carriage  is  drawn  over  a  weak  gravelly  road,  and 
is  evidently  more  injurious  to  the  horses  employed  in 
draught  than  when  they  work  on  a  solid  and  firm  road, 
although  it  be  covered  with  an  inch  or  two  of  mud. 

M.Gerstner  has  investigated  this  subject,  and  given 
formulae  for  the  resistance  arising  from  a  wheel  passing 
over  a  soft  stratum  of  diflFerent  degrees  of  compressibility. 

Tliese  formulae  are,     . 

K''=/Z=_iL;  whenmrro; 
A      Ahm 

in  which  K"=the  resistance; 
f=z  half  the  chord  of  the  segment  of  die  wheel  in  the 

ground; 
A=:  radius  of  the  wheel ; 
q = weight  of  load ; 
W= resistance  of  the  soil  when  compressed  by  the  wheel 

to  the  depth  of  an  inch  or  any  other  unit ; 
m=an  indeterminate  number,  expressing  a  power  of  the 
depth  to  which  the  wheel  penetrates,  proportional  to  the 
resistance  of  the  soil  at  that  depth,  and  which  is  to  be 
determined  by  experunent 

From  these  formulae  it  is  evident  that  tlie  resistance  is 
caused  by  the  wheels  sinking  into  the  ground;  and  there- 
fore it  will  be  better,  under  such  circumstances,  to  divide 
a  heavy  load  between  two  or  more  carriages  than  to  carry 
a  heavy  load  on  one  carriage ;  and  also  that  the  resistance 
will  be  diminished  by  increasing  the  width  of  die  tiers  of 
the  wheels. 
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VV  HEN  the  road  is  not  horizontal,  the  force  of  gravity  is 
a  great  impediment  to  the  draught  of  carriages,  and  limits 
considerably  the  effect  which  would  otherwise  be  produced 
by  a  horse  in  drawing  a  load. 

If  it  were  not  for  the  hills  that  are  usually  met  with  on 
turnpike  roads,  one  horse  would  do  as  much  work  as  four; 
for  it  is  well  known  that  the  force  of  draught  must  be 
increased  in  proportion  to  the  steepness  of  hills:  the 
quantity  of  that  increase  is  thus  determined: — 


Suppose  a  waggon  resting  on  an  inclined  plane,  FG; 
and  let  C  be  the  centre  of  gravi^  of  the  wa^on  and  load. 
Draw  the  line  C  B  perpendicular  to  the  surface  of  the  bill, 
and  C  A  perpendicular  to  the  horizon ;  let  this  last  line 
represent  the  force  of  gravity,  or  weight  of  the  carriage 
and  load.  This  force  is  equivalent  to  two  others  repre. 
sented  by  the  lines  A  B  and  C  B  in  magnitude  and 
direction.  The  force  represented  by  C  B  is  the  pressure 
of  the  carriage  on  the  surface  of  the  road,  and  that  repre- 
sented by  A  B  is  the  force,  independent  of  friction,  which 
acts  against  the  carriage  going  up  hill,  or  tends  to  force  it 
down  hill. 


462  NOTES. 

Now  this  force  may  be  found  as  follows: — Tlie  triangle 
A  B  C  is  similar  to  the  triangle  A  K  F ;  for  the  angle 
FAK=the  angle  C AB= the  angle  EGF;  and  the  angles 
ABC  and  A  K  F  are  each  right  angles ;  therefore  A  C  : 
AB::FA  :  AK;  but  FA  :  AK  as  the  length  of  the 
plane  is  to  its  height ;  that  is,  A  C  :  A  B : :  /  I  A  ;  and  as 
the  line  A  C  represents  the  weight  of  the  carriage,  or  W, 

we  have  W  :  A  B : :  /  :  A ;  or,  A  B=  — -  =the  force  repre- 

sented  by  the  line  A  B.  The  power  required  to  draw  a 
carriage  on  a  horizontal  may  be  represented  by  the  for- 
mula P=W(-^+ -^^^  J    for  a  broken-stone  road,    and 

We  then  have,  for  the  power  required  to  draw  a  wag- 
gon or  coach  up  an  inclined  plane,  the  formula, 

P = Wf  —  +  ^  +  i^  )  J  if  the  surface  be  of  broken  stone ; 

pebble  pavement ;  and  for  the  power  required  to  draw  tlic 
same  waggon  down  hill,  the  same  formula,  only  making 

the  sign  of  —  negative. 

In  these  formulae,  W=the  weight  of  the  waggon  wheels 
and  load:  for  although  it  might  at  first  sight  appear  that 
we  should  make  use  of  the  weight  on  the  axle,  or  tliat 
represented  by  the  line  C  B,  to  calculate  the  resistance, 
yet  it  is  not  so ;  for  the  pressure  on  the  axles  will  be  equal 
to  the  joint  action  of  the  weight  on  the  axles  and  the 
moving  power,  and  this  will  be  the  force  represented  by 
the  line  A  C  or  W,  so  that  no  correction  of  the  weight  is 
necessary. 

The  resistances  arisuig  from  part  of  the  weight  being 

*  See  Mcmoirv  sur  les  Gnmdcs  Routes,  8tc,  de  M.  F.  de  Centner. 
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thrown  from  the  front  axles  to  the  hind  ones,  in  conse- 
quence of  the  inclination  of  the  traces,  and  the  line  of 
draught  not  passing  through  the  centre  of  gravity  of  the 
carriage,  may  be  omitted  in  a  general  investigation ;  also 
the  correction  that  should  be  applied  to  the  resistances 
where  the  carriage  is  on  an  inclined  plane ;  because  it  is 
evident  that  there  is  less  weight  on  the  surface  than  if  the 
carriage  stood  on  level  ground,  and  also  from  the  hind 
wheels  bearing  a  greater  pressure  than  the  front  ones,  in 
consequence  of  the  line  of  gravity  falling  nearer  to  the 
hind  wheels ;  as  the  difference  that  will  take  place  in  the 
draught,  in  consequence  of  these,  will  be  inconsiderable  in 
general  practice,  and,  should  extreme  accuracy  be  required 
in  any  particular  case,  it  will  be  easy  to  make  the  necessary 
calculations. 

The  following  experiments  were  mdQe  with  the  waggon 
the  axles  and  wheels  of  which  had  been  previously  made 
use  of  for  the  experiments  on  friction. 

1.  Half  a  ton  of  stone  was  put  in  the  waggon,  as  nearly 
as  possible  in  the  centre  between  each  axletree ;  the  waggon 
was  then  drawn  over  a  timber  platform,  perfectly  horizon- 
tal, by  weights  suspended  from  a  line :  to  effect  this,  it 
required  50 1  lbs. 

2.  A  ton  of  stone  was  placed  in  the  waggon,  half  a  ton 
over  each  axletree,  and  the  power  required  to  draw  the 
waggon  over  the  same  surface  was  70  lbs. 

3.  A  ton  and  a  half  of  stone  was  placed  in  the  waggon, 
and  distributed  equally  over  each  axletree ;  the  weight  or 
power  required  to  draw  the  waggon  was  then  found  to  be 
90  lbs. 

The  resistances  arising  from  the  friction  of  the  axletrees 
in  the  above  experiments  were  then  calculated  for  each 
wheel  from  the  formula  before  given,  and  the  total  resist- 
ance arising  from  the  axles,  thus  determined,  was  sub- 
tracted from  the  draught  or  power  found  by  experiment 
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as  requisite  to  draw  the  waggon ;  tlie  diiFerence  gave  the 
resistance  of  the  surface  caused  by  the  penetration  of  the 
wheels  into  the  timber  surface. 

The  results  of  these  experiments  are  given  in  the  fol- 
lowing Table:  — 


Weight  of 
Waggon  and 

Load 
in  Pounds. 

Power  re- 
quired to  draw 
the  Waggon. 

Resistance  of  the 
Axles. 

Resistance 

of  the 

Surftce. 

2,240 

31  0 

\tl}^^ 

7*4 

2,800 

520 

\tl}^-^ 

225 

3,360 

700 

\l'l}^* 

346 

3,920 

910 

re}^^ 

497 

By  a  considerable  number  of  experiments  with  the  same 
waggon,  on  roads  of  different  kinds,  the  draught  was  found 
to  agree  very  nearly  with  the  results  calculated  from  the 
empyrical  formula, 

P= — ^^— +  — H-t;; 
93        40 

in  which  W  =  the  weight  of  the  waggon ;  tc,  the  load ;  Cj  a 
constant  number,  which  will  depend  on  the  surface  over 
which  the  waggon  is  drawn ;  and  v,  the  velocity  in  feet  per 
second.  By  putting  t?=3'7,  which  was  the  velocity  used 
in  the  foregoing  experiments,  the  constant  number  for  a 
timber  sur&ce  was  determined,  and  found  to  be  equal 
to  2. 

For  other  sur&ce%  the  value  of  c  may  be  taken  as  fol- 
lows :  — 
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On  a  paved  road        ------.  2 

On  a  well-made  broken  stone  road  in  a  dry  clean 

state        -            -            -            -            -            -  6 

On  a  well-made  broken  stone  road  covered  with  dust  8 

On  a  well-made  broken  stone  road  wet  and  muddy   -  10 

On  a  gravel  or  flint  road  in  a  dry  clean  state     -      -  13 

On  a  gravel  or  flint  road  in  a  wet  muddy  state          -*  32 

On  an  inclined  plane  the  above  formula  becomes 

P=  +  _  -f  r  +--.^     — - — ;  tor  a  common   stf^e 

waggon,  and  P=:-j^^x~x    c-^.     — — for  a  stage 
coach. 


THE   END* 
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MANUAL  of  the  LAND  and  FRESHWATER  SHELLS 

Of  the  BRITISH  ISLANDS. 
Also,  by  Mr.  J.  E.  Gray, 

OUTLINES  of  CONCHOLOGY ; 

Or,  a  short  Account  of  the  Orders,  Families,  and  Genera  of  Molluscous  Animals  and 

their  Shelbi.    Illustrated  with  13  Plates. 


INTRODUCTION  to  LAMARCK'S  CONCHOLOGY. 

By  £.  A.  Cbouch,  FX.S. 
4to.  32  Plates,  318. 6d.  filtin ;  4/9. 3a.  cokmred. 
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4  NEW  WORKS  AND  NEW  EDITIONS 

MATUSAIi    BISTORT   ( BOTANY  )-ooiiTiiruKO. 

BOTANY,    AGRICULTURE,    &c. 


By  JOHNLINDLEY,  Ph.  D.  F.R.S.  L.S.  ^c. 

Pfvfeaor  of'  Botany  in  the  London  UnivertUy  CoiUge  and  in  the  Royal  Institution , 

INTRODUCTION  to  BOTANY. 

3d  Edition,  with  Corrections  and  considerable  Additions, 
1  lan^  voL  8vo.  with  numerous  Plates  and  Woodcuts,  18s.  cloth. 

**  We  hope  no  hesitation  in  pronouncing  the  'Introduction  to  Botany.*^  Dr.  LinMep,  to  he 
the  mott  valuable  and  perfect  in  any  language  we  are  acquainted  with." — Med.  Gae. 
"  The  moit  valuable  work  cfthe  kind  in  our  lattguage.** — Brit,  and  For.  Mkd.  Rbt. 

A  NATURAL  SYSTEM  of  BOTANY ; 

Or,  a  Systematic  View  of  the  Organization,  Natural  Affinities,  and  GeofptLphical 

Distribution  of  the  whole  Vegetable  Kingdom :  together  with  the  Uses  of 

the  most  important  Species  in  Medicine,  the  Artii,  &c. 

Id  Edition,  with  numerous  Additions  and  Corrections,  and  a  complete  List  of  Genera, 

with  their  Synonyms,  1  vol.  8vo.  18s.  cloth. 

SYNOPSIS  of  the  BRITISH  FLORA, 

Arraniered  according  to  the  Natnral  Orders. 
9d  Edit,  with  numerous  Additions,  Corrections,  and  Improvements,  12mo.  lOs.  6d.  bds. 


A  KEY  to  STRUCTURAL,  PHYSIOLOGICAL,  and 

SYSTEMATIC    BOTANY. 

For  the  use  of  Classes.    8vo.  4s.  6d. 


FLORA    MEDICA: 

Dt  of  all  the  most  remarkable  Plants  appl 

in  Great  Britain  and  other  Countries. 
1  vol.  post  8vo.  price  188.  cloth  lettered. 


Or,  a  Botanical  Account  of  all  the  most  remarkable  Plants  applied  to  Medical  Practice 

in  Great  Britain  and  other  Countries. 


FIRST  PRINCIPLES  of  HORTICULTURE. 

3s.  sewed. 


GUIDE  to  the  ORCHARD  and  KITCHEN  GARDEN. 

By  G.  LiNDLRY,  C.M.H.S.    Edited  by  J.  Lindlrt,  Ph.  D.  F.B.S.  ftc. 

1  laf|^  volume,  8vo.  166.  bda. 


By  SIR  JAMES  EDWARD  SMITH,  M.D.  F.R.S. 

Late  President  of  the  Liniuean  Society,  ^e. 

THE  ENGLISH  FLORA. 

New  Edition,  in  4  vols.  8vo.,  containing  the  Flowrrino  Plants  and  the  Frrns,  £%. 

VoL  V.  Part  1.  las.— Cryptooamia  :  comprising  the  Moases,  Hepatiec,  Ucfaensy 

CharaceK,  and  Algie. 

By  Sir  W.  J.  Hookrr,  LL.D.  F.R.A.  and  L.8.  ftc.  &c. 

Vol.  V.  Part  a— The  Fungi— completinir  the  work,  by  Sir  W.  J.  Hookbb, 
and  the  Rev.  M.  J.  Bvrkrlby,  F.L.S.  See.    8vo.  ISa. 

Compendium  of  the  Enffliah  Flora, 
ad  Edition,  with  Additions  and  Corrections.    By  Sir  W.  J.  Uookkb,  LL.D.  te. 

lamo.  78. 6d. 
The  same  in  Latin.    5th  Edition,  12mUi  7b.  6d. 


# 


INTRODUCTION  to  the  STUDY  of 

PHYSIOLOGICAL  and  SYSTEMATICAL  BOTANY. 

New  Edition,  with  ntustrations  of  the  Natural  Orden  (pombininr  tlM  ol|}ecC 
of  Sir  i.  Smith's  **  Grammir"  with  that  of  hia  <«  Introdiicttoii.*0 

By  Sir  W.J.  Hookrr,  LUaaic.   Svo.  16  Plates,  liL  ctoHu 


LATELY  PUBLISHED  BY  IX)NOHAN  AND  CO.  5 

# = — — — m 

MATUSAL    aiBTOBT    (BOTAHY)— OOKTIMOBD. 


By  SIR  WILLIAM  JACKSON  HOOKER,  KB.  LLJ). 

Regiut  ProfmoT  of  Botany  in  th*  UnivertUy  of  GUugow,  ^e, 

THE  BRITISH  FLORA ; 

Comprisiiig  the  FLOWERING  PLANTS  and  the  FERNS. 
8to.  4th  Edition,  enlarge  and  corrected,  with  4  Plates,  19s.  plain ;  166.  coloured. 

*»*  In  this  edition  all  the  newly-discovered  Species  are  introduced.  The  Unncan 
arrangement  is  followed  in  the  body  of  the  work ;  but  in  the  Appendix  are  g^ven 
the  Characters  of  all  the  Natural  Orders,  with  a  List  of  the  Genera,  referring  to  the 
pages  where  they  are  described. 

Vol.  II.  Part  1  of  the  above  (Ceyptogamia),  8vo.  19s. 

YoL  II.  Part  3  (FuNoi),  completing  the  work,  by  Sir  W.  J.  HooKsm,  and  the 

Rev.  M.  J.  Bbekblbt.   8vo.  198. 


MUSCOLOGIA  BRITANNICA. 

Containing  the  Mosses  of  Great  Britain  and  Ireland,  systematically  arranged  and 

described ;  with  Plates. 

By  Sir  W.  J.  Hookbe,  LL.D.  F.L.S.  &c.,  and  T.  Tatloe,  M.D.  F.L.S.  ftc. 

8vo.  3d  Edit,  enlarged,  318.  M.  plain ;  jff3. 8s.  coloured. 


ICONES  PLANTARUM; 

Or,  FIGURES,  with  brief  Descriptive  Characters  and  Remarks,  of  NEW  or  RARE 
PLANTS,  selected  from  the  Author's  Herbuium. 

9  vols.  8vo.  with  300  Plates,  price  J0r3. 166.  cloth  lettered. 


By  J.  C.  LOUDON,  F.L.S.  ifc.  8fC. 
ENCYCLOPAEDIA  of  PLANTS ; 

Comprising  the  Description,  Specific  Character,  Culture,  History,  Application  in 

the  Arts,  and  every  other  desirable  particular  respecting  all  the  Plants 

Indigenous  to.  Cultivated  in,  or  Introduced  into  Britain. 

With  nearly  Ten  Thousand  Engravings  on  Wood.    3d  Edition,  corrected,  1  large  voL  8vo. 

4(73. 18s.  6d.  bds. 

"  The  mott  fuefui  and  popular  bottmicai  work  thai  kaa  net  appeared  in  the  BngUtk 
language."— J AMEBOft^n  Phil.  Journal. 


HORTUS  BRITANNICUS: 

A  Catalogue  of  all  the  Plants  Indigenous  to,  Cultivated  in,  or  Introduced  into  Britain. 

Part  I.— The  Linmean  Arrangement,  in  which  nearly  Thirty  Thousand  Species  are 
enumerated,  8ec.  :  preceded  by  an  Introduction  to  the  linnaean  System. 

Part  II.— The  Jussieuean  Arrangement  of  nearly  Four  Thousand  Genera ;  with  an 
Introduction  to  the  Natural  System,  and  a  Description  of  each  Order. 

8vo.  3Ss.  6d.  in  cloth. 


AN  ENCYCLOPiEDIA-of  GARDENING ; 

COMPEISING 

The  Theory  and  Practice  of  Horticulture,  Floriculture,  Arboriculture,  and  Landsca 
Gardening :  including  all  the  latest  Improvements ;  a  General  History  of  Gardening  in 
all  Countries }   and  a  SUtistical  View  of  its  Present  State:  with  Suggestions  for  its 
Future  Progress  in  the  British  Isles. 

New  Edition,  greatly  enlarged  and  improved,  with  neaily  1090  Engravings  on  Wood, 

1  vol.  8vo.  £%.  lOs. 
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ELEMENTS  of  PRACTICAL  AGRICULTURE; 

Comprehending  the  Cultivation  of  Plants;   the  Husbandry  of  Domestic  Animals; 

and  the  Kcouomy  of  the  Farm. 

By  David  Low,  Esq.  F.R.S.E.  Professor  of  Agriculture  in  the  Univerlrity  of  Edinbnri^h. 

1  vol.  8vo.  2d  Kdition,  with  Alterations  and  Additions,  and  above  200  Woodcuts, 

1»».  cloth  lettered. 

"  iVo  u'ftrk  an  nfrrieulture  hnit  appeared  in  our  time  whirh  mil  heitr  a  comparimm  with  this 
excellent t  and  we  would  itufi  claxnnical  workf  of  PrafexMr  Low.  If  triU  bectMme  the  wtnmmml  of 
practical  af^ricultnre  for  the  Jiritith  empire ;  and  the  judiciou*  riewt  and  atwnd  rulet  of  vmr 
author  will  unquentionnhlp  prore  beneficinl  to  the  affricHlturalista  of  other  enumtrieM.** 

Jamkmon's  Rdin.  Philosophical  JovR!«. 


ELEMENTS  of  AGRICULTURAL  CHEMISTRY. 

By  Sir  Humphry  Davy,  Bart.  LL.D.  P.R.S.  &c. 

5th  Edition,  with  Notes  by  his  Brother,  Dr.  John  Davy,  8vo.  15s. 


Tlie  CULTIVATION  of  the 

GRAPE  VINE  ou  OPEN  WALLS. 

By  Clrment  Hoarb. 

8vo.  Xew  F^ition,  with  Additions,  7s.  6d.  doth. 

**  Mr.  Hnare  ha*  thrown  more  light  on  thetmbfeet  oftfine  eutfnrt  iktm  «M|f  BritUA  gmrdener 
who  has  written  tm  the  tuAjeet.**—lA}VDoy*h  Gardrnbr's  Mao. 

**  One  qf  the  be$t  production*  upon  anp  horticulture  aut^eet  wktek  hmM  Amh  pmhiiaktd  far 
some  ffears.^*— AruhJi  ALU  M. 

FIRST  STEPS  to  BOTANY. 

By  J.  L.  Drcmmond,  M.D. 
l2mo.    100  Woodcuts.    3d  Edition,  98.  bds. 


CONVERSATIONS  on  BOTANY. 

With  22  Engravings.    12mo.    8th  Edition,  enlarged,  78. 6d.  idain ;  ISi.  ccdoiured. 


CONVERSATIONS  onVEGETABLE  PHYSIOLOGY. 

C!omprehending:  the  Elements  of  Botany,  with  their  ApplicatioD  to  Africvltiire. 
By  Jane  Marckt.    a  vols.  I2mo.  with  Plates,  9d  Edition,  lis. 

By  the  same  Author, 

conversations  on  NATURAL  PHILOSOPHY. 

mh  Edition,  lOa.  M.  Ixla.    With  H  EngnTiii|t>  by  Lowiy. 

conversations  on  CHEMISTRY, 

In  which  the  Elements  of  that  Science  are  fkmiUartr  ezplained  and  lltaatettod  by 
RzperimeDts ;  with  a  OonYersation  on  toe  Imm  Bugtaa. 

9  vols.  llmo.  13th  Edition,  with  Ptaitei  by  Lowry*  14b.  bdB. 


NEW  WORKS  AND  NKW  EDITIONS 
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NATURAL    HISTORY    (BOTAinr)-coirriNUBD. 

Also,  by  Mr.  Loudo.v, 

ENCYCLOPAEDIA  of  AGRICULTURE ; 

COMPRISING 

The  Theory  and  Practice  of  the  Valuation,  Transfer,  Laving  out.  Improvement,  and 
Manaiperoeut  of  Landed  i^roperty ;  and  the  Cultivation  and  Economy  of  the  Animal  and 
Vefcetable  Productions  of  Afn'ioulture,  includinjc  the  latest  Improvements ;  a  General 
Histor)'  of  Asrriculture  in  all  CVtuntries ;  and  a  Statistical  View  of  its  Present  .rotate :      |, 
with  sju^estions  for  its  Future  Proj^'eas  in  the  British  Isles.  I 

With  nearly  Thirteen  Hundred  Enf^>in|rs  on  Wood.    I  largre  vol.  8^0.  ^ 

3d  Edit,  with  a  SUPPLEM  KNT,  containing  all  the  recent  Improvements,  jCl.  10s.  bds.        || 

*»*  The  Supplement  may  be  had  separately,  price  5s. 

ARBORETUM  ft  FRUTICETUM  BRITANNICUjM  ; 

Or,  the  Hardy  Trees  of  Great  Britain,  Native  and  Foreign,  PictoriaDy  and  Botanically 
delineateil,  and  Scientifically  and  Popularly  described. 

H  thick  vols.  8vo.  (4  of  Letterpress  and  4  of  Plates,)  i| 

Cousistin?  of  a'tove  3000  pasros  of  letterpress,  al>ove  400  8vo.  Plates  of  Trees,  '| 

and  upwards  of  2500  Woodcuts  of  Trees  and  Shrubs,  &c.  &c.  .; 

price  JtlO.  neatly  bound  in  cloth  lettered.  ' 


I 
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POETRY. 


LALLA  ROOKH  :    an  Oriental  Romance. 

By  Thomas  Moore,  Eaq. 

New  Edition,  with  4  Rnirnivin?<(,  from  Painting^  by  Richard  Wb§tall,  R.A. 
Frp.  8to.  108.  6d.  bds. ;  demy  8vo.  without  Platen,  149. 

Also, 

IRISH    MELODIES. 

New  Edition,  in  the  pregg. 


JAMES  MONTGOMERY'S  POETICAL  WORKS. 

A  complete  rollected  Edition,  comprising^  "  The  Wanderer  of  Switzerland,**  "  The  West 

Indies,"   ••  World  before  the  Flood,"  "  Greenland,"  "  PeUcwi  IsUnd," 

''  Songs  of  Zion,"  "  Poet*s  Portfolio,"  and  all  his  smaller  Poems. 

3  vols,  small  Svo.  18s. 


SOUTHEY'S  POETICAL  WORKS ; 

Collected  by  Himself. 
10  volumes,  fcp.  8vo.  with  Frontispieces  and  Vignettes,  price  ^2.  IDs.  cloth  lettered. 


FAMILY  SHAKSPEARE; 

In  which  nothing  is  added  to  the  Original  Te.xt ;  but  those  Words  and  Expressions  are 
omitted  which  cannot  with  propriety  be  read  aloud  in  a  Family. 

By  T.  BowDLER,  Esq.  F.II.S. 

New  Fxlition,  in  1  large  volume,  8vo.  with  36  Illustrations  after  Smirke,  Howard,  &c. 
30s.  cloth ;  with  gilt  edges,  31s.  6d.  Or  in  large  type,  without  lUastrations,  in  8  vols. 
8vo.  j£r4.  14s.  6d.  bds.       

REMAINS  of  HENRY  KIRKE  WHITE, 

Selecteil,  with  prefator>-  Remarks,  by  Robert  South  et,  Esq. 

3  vols.  8vo.  24s. ;  and  1  vol.  24mo.  with  engraved  Title  and  Vignette,  6s. 

N.  B.  The  property  of  the  Family  having  been  invaded,  it  is  necessary  to  state  that  these 
are  the  only  Kditio.ns  which  contain  the  Life  by  Mr.  itouthey,and  the  whole  of  the  con- 
tents of  the  Third  Volume.  

SFXECT  WORKS   of  the    BRITISH    POETS, 

From  JONSON  to  BEATTIE.    With  Biographical  and  Critical  Prefaces, 

By  Dr.  Aikin. 
1  vol.  R\o.  18s.  in  cloth ;  or  neatly  done  up,  gilt  edges,  90s. 


SELECT  WORKS  of  the  BRITISH  POETS, 

From  CHAUCER  to  WITHER.S.    With  BiogrRi>hical  Sketches, 

By  Robert  Soithry,  Ll^I). 

1  vol.  8vo.  uniform  with  **  Aikin's  Poets,**  30s.  in  cloth ;  or  with  gilt  edges,  j^I.  lis.  6d. 

THE  MORAL  of  FLOWERS. 

With  24  beautifully -coloured  Plates,  royal  8vo.  3d  Edition,  30s.  half-bound. 
•'  Full  nffniuisite  poetry.**— BhACKwooD*a  Magazine. 

Bv  the  same  Author, 

THE  SPIRIT  of  the  WOODS. 
1  vol.  royal  Svo.  with  26  beautiftilly-coloured  Engravings,  price  30s.  half -bound. 

**  Thf  ttro  elegant  rnlMmr*  with  which  Mm.  Wiiliam  Hey  ha*  favoured  the  pmblie  are  welt 
fitted  to  lend  grace  and  ornament  to  that  which  it  tmlid  and  ma/m/.**— Mbd  Gaz* 


JOANNA  BAILLIE'S  POEMS,  &c. 

New  Dramas,3  vols.  Svo.  36s.— A  Series  of  Plats,  in  which  it  is  attempted  todelineate 
the  stronger  Passions  of  the  Mind.  S  vols.  Svo.  jfi'l.  Us.  6d.— Mjscbllanbous 
Plays,  Svo.  9s.— Metrical  Leoendh,  Svo.  14s. 
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RELIGION,  THEOLOGY,  ETC. 

COLLEGE  and  SCHOOL  GREEK  TESTAMENT, 

WITH  mOLISH  NOTB8. 

By  the  Rev.  S.  T.  Bloomfibld,  D.D.  F.S.A.  of  Sidney  Collefl^,  Cambridge ; 

Vicar  of  Bisbrooke,  Rutland. 

1  vol.  13mo.  price  ISa.  cloth  lettered. 

**  Dr.  Bloon^fiHd^t  New  Tettoment  for  the  tue  of  tehoola  it  on  invaluable  work.  It  fa  alao 
entitled  to  the  tUttinction  of  being  regarded  at  an  original  prodactiony  the  notea  and  critictU 
apparatu*  being  in  general  construcMl  with  great  lawmrfor  the  nreunt  editftm.  It  i»  impoa- 
table  to  tajf  how  far  the  public  are  indebted  to  Dr.  Blooinfieldfor  theee  labours  of  hit  induttriout 
pen :  they  wiU  carry  down  hit  name  with  honour  to  potterity.**  -  Rvanobucal  Mauazink. 

By  the  same  Bditor, 

THE  GREEK  TESTAMENT, 

With  Enirtish  Notes,  Critical,  Philological,  and  Bxeflpetical,  partly  selected  and  arranfed 

from  the  best  Commentators,  Ancient  and  Modem,  bat  chiefly  Original. 

ad  Edition,  considerably  improved,  in  3  thick  vols.  8vo.  price  jCT. 

GREEK  and  ENGLISH  LEXICON  of  the  NEW  TESTAMENT. 

By  E.  Robinson,  D.D.  Prof.  Biblical  Lit.  Theol.  Seminary,  New  York. 

Edited,  with  carefUl  revision,  corrections,  &c.  &c. 
By  the  Rev.  S.  T.  Boomfiblo,  D.D.  F.S.A. 

1  vol.  8vo.  price  38s.  in  cloth  lettered. 

"  We  hetitaie  not  to  affirm^  that  Dr.  Robinton't  Greek  and  EngUth  Lexieon  to  the  New 
Tettament,  at  edited  by  Dr.  Bloon^ld,  U  the  bett  that  hat  hitherto  been  publithed  m  thit 
country."— BAmsTMAQ.  

THE  SUNDAY  LIBRARY ; 

A  Selection  of  Sermons  from  Eminent  Divines  of  the  Church  of  EngUnd,  chiefly 

within  the  last  Half  Century. 

With  Notes,  &c.  by  the  Rev.  T.  F.  Dibdin,  D.D. 

Complete  in  6  vols,  small  8vo.  with  6  Portraits  of  Distinguished  Prelates,  aOs.  cloth. 

**  A  little  library  for  a  churehmant  and  a  treaturefor  the  piout  amonr  the  laity." 

Litbbary  Gas. 

THE  SACRED  HISTORY  of  the  WORLD; 

Philosophically  considered,  in  a  Series  of  Letters  to  a  Son. 

By  Sharon  Turnkr,  I^.  F.S.A.  and  R.A.S.L.    6th  Edition,  3  vols.  8vo.  Ms. 

The  Third  and  concluding  Volume  is  just  published,  price  14s. 

PRINCIPLES  of  CHRISTIAN  PHILOSOPHY  ; 

Containing  the  Doctrines,  Duties,  Admonitions,  &  Consolations  of  the  Christian  Religion. 

By  John  Burns.  M.D. 
Reg;lns  Professor  of  Surgery  in  the  University  of  Glasgow,  4cc 

ISmo.  4th  Edition,  7s.  bds. 

LETTERS    from   an    ABSENT    GODFATHER; 

Or,  a  Compendium  of  RELIGIOUS  INSTRUCTION  for  Tonng  Penoni. 

By  the  Rev.  J.  E.  Riddlb,  M.A. 
Curate  of  Harrow ;  Author  of  "  First  Sundays  at  Ghurch,"  9tc.  ke. 

Fcp.  8vo.  6s.  cloth  lettered. 

"  An  admirable  manual  of  Chrittian  dutiet."—ST.  Jam B8*8  Chboniclb. 


DISCOURSES  on  the  SOCINIAN  CONTROVERSY. 

By  Ralph  Wardlaw,  D.D.  Glasgow.     8vo.  5th  Edition,  15a.  cloth  lettered. 

By  the  same  Author, 
SERMONS.    8vo.  ]2i. 


ORIENTAL  CUSTOMS: 

Applied  to  the  Illustration  of  the  Sacred  Scriptures. 
By  Samubl  Burdbr,  A.1I.  &c.   New  Bditioii,  ISnio.  8*.  0d.  bda. 
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A   VIEW   of  the    REIGN   of  JAMES   II. 

From  his  Accession  to  the  Enterprise  of  the  Prince  of  Orange* 

By  the  late  Rig^ht  Hon.  Sib  Jambs  Mackintosh. 

In  4to.  with  a  Portrait,  Sis.  6d. 

**  We  have  no  hetUatUm  in  pronouncing  tkis/ragment  deeidedlp  ihe  beti  hiUofif  now  artani 
of  the  reign  of  Jame*  the  Second.  It  containt  much  new  a$id  ewriout  ii0»rm<inon,  of  which 
txcelicnt  use  hat  been  made.    The  oecwraey  of  the  narrative  iM  deurving  of  high  adm^aUon,** 

Edinbuboh  Rbvibw. 

Also,  the  above,  completed  to  the  SETTLEMENT  of  the  CROWN,  by  the  Editob. 

To  which  is  prefixed, 

A  Notice  of  the  Life,  Writings,  and  Speeches  of  Sir  James  Mackintosh. 

4to.  dfZ.  3s. 


LIFE  and  TIMES  of  WILLIAM  III. 

King  of  England,  and  StadthoMer  of  Holland. 
By  the  Rt.  Hon.  Abthub  Tbbvob  (now  Lobd  Dunoannon),  M.P.  F.A.S.  lEc 

3  vols.  8vo.  with  Portrait,  &c.  price  Ms. 


LIFE  of  FREDERIC  the  SECOND,  KING  of  PRUSSIA. 

By  LOBD  I>OVBB. 

3  vols.  8vo.  with  Portrait,  3d  Edition,  388. 

*'  A  moet  delightful  and  comprehentive  work. . .  Judiciout  in  aelectian,  intelUgeni  in  arrange" 
ment,  and  graceful  in  «<jf/e."— Litbbaby  Gazbttb. 


MEMOIRS  of  SIR  WILLIAM  TEMPLE. 

By  the  Right  Hon.  Thomas  Pbbbobinb  Coubtbh ay. 
3  vols.  8vo.  with  Portrait,  38s. 


LIFE  of  SIR  HUMPHRY  DAVY,  Bart. 

By  his  Brother,  Dr.  John  Davt. 
3  vols.  8vo.  with  Portrait,  388. 


HISTORY  of  ENGLAND, 

From  the  earliest  Period  to  the  Death  of  Elizabeth. 
By  Shabon  Tubnbb,  Esq.  F.A.S.  R.A.S.L.    13  vols.  8vo.  jf8.S8.  bds. 

The  same  work  may  also  be  had  in  the  foUowing  separate  portions  :— 


The  Anglo-Saxons.     3  vols.  Svo. 
6th  Edition,  ^^3.  5s.  bds. 


Thb  Middle   Ages. 
Sd  Edition,  ^ez.  boards. 


5  vols.  Svo. 


Reign  of  Henry  VIIL  2  vols.  Sto. 
sd  Edition,  36s.  boards. 

Reigns  of  Edward  VL,  Mary,  and 
Elizabbth.  3  vols.  Svo.  Sd  Edition, 
S3s.  boards. 


GIBBON'S  HISTORY  of  the  ROMAN  EMPIRE: 

For  the  Use  of  Families  and  Yonng  Persons. 

Reprinted  from  the  Original  Text,  with  the  careful  Omission  of  all  Passages  of  an 

irreligious  or  immoral  tendency. 

By  Thomas  Bowdlbb,  Esq.  F.R.S.  &c. 

5  vols.  Svo.  jn.  Ss.  bds. 


HISTORY  of  THUCYDIDES ; 

Newly  translated  into  English,  and  illustrated  with  very  copious  Annotations,  &c. 
By  the  Rev.  S.  T.  Dloomfibld,  D,D.  &c.,  Editor  of  the  Greek  Testament. 

3  vols.  Svo.  with  Mi^M,  £2,  58.  bds. 

"  A  veraion  ai  Kterat  and  at  per$picuom  ae  erudition  and  indmtrp  combined  can  render  tf ." 

EcLBCTic  Rbvibw. 
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HISTORY  *  biography-continued;    *  VOYAOSS  *  TRAVBIaS. 


LIFE  and  ADMINISTRATION  of 

EDWARD,  FIRST  EARL  of  CLARENDON. 

With  (Original  Correspondence  and  Authentic  Papers,  never  before  published. 

By  Thomas  IIbnry  Lister,  Esq. 

3  vols.  Kvo.  with  Portrait  and  Fac-similes,  price  ^7.  8s.  cloth  lettered. 

**A  valuable  roniribuiion  to  the  kistorp  of  our  mitipe  country,** — Literary  GAzeTTE. 


COMPANIOKT  TO  MAU.NDBR*S  TREASURY  OP  ENOWLEDOE. 

THE  BIOGRAPHICAL  TREASURY ; 

Containing  .Memoir**,  Sketches,  or  brief  Notices  of  the  Lives  of  about  la.OOO  Eminent 

Persons,  from  the  earliest  periods  of  History  to  the  Present  Dav  : 

surrounded  by  nearly  3500  Maxims  and  Precepts,  orij^inal  and  selet'ted. 

By  Samuel  Mau.vder. 

8s.  6d.  cloth ;  lOs.  6d.  bound,  %i\X  leaves. 

"  A  work  H'orthp  nf  grettt  and  faxting /ai'Our.**—LiriiHAliY  Gaxbttr. 

**  An  ^jrtrnortiiHarif  h'ntk^  ichrther  we  look  at  the  labour  nerenmrp  to  ifn  production^  th^ 
quantity  of  matter  it  nmtains^  or  the  price  at  which  it  i»  told** — Spectator. 


VOYAGES  &  TRAVELS,  GEOGRAPHY, 

lVc. 


JOURNAL  (.f  a  RESIDENCE  in  NORWAY, 

Made  with  a  view  to  incpiire  into  the  Rural  and  Political  Rronoray  of  that  Country-, 

and  the  Condition  of  its  inhabitants. 

By  Samuel  Lai  no,  Esq. 

2d  Edition,  1  vol.  9\'0.  Us.  cloth. 

*•  A  book  which  erery  body  $hnuld  read.** — DUBLIN  Review. 


SEVEN  WEEKS  TOUR  on  the  CONTINENT. 

By  John  Robt,  Esq.  M.R.S.L. 
2  vols,  with  numerous  Illustrations,  25s. 

**  The  best  book  ofthf  kind  that  has  imued/rom  Iheprem  theae fifty  yemrt.** — Standard. 


RAMBLES    in    the    PYRENEES, 

And  a  VISIT  to  SAN  SEBASTIAN. 

By  Frederic  W.  Vaux»  Esq. 

1  volume,  post  8vo.  with  a  Fmntispiece^rawn  bv  Rochard,  from  a  sketch  by  the 
Author,  a  .Map,  and  6  Rngrrarinips  on  Wood  by  s.  Williams,  10a.  6d.  d.  lettM. 


imagery  of  FOREIGN  TRAVEL; 

Or,  Descriptive  Extracts  from  "  i^enes  and  Impressions  in  Erfpt  and  Italy,** 

"Sketches  in  India,*'  **  Recollections  of  the  Peninsola/*  «c.  *c. 

By  Mi^or  {^hbrrr.    I  vol.  post  8to.  9t.  M.  ctoch  teetered. 

'*  We  Inutw  of  no  writfr  of  the  nre»ent  day  so  HHetly  mml  ekmrmeierUHtmBy  fmMM  im 
theepith^  picturesque  ma  Major  Sherer,  the  anikar  of  iUn  gmUwy  ^  *  fmmftmy?    If  fa  pm 


% 


and  ink  skeiche*  prnent  tht  Kcmet  and  oifrriM  to  the  mind  tcitk  m  dittimtmrnt  of  W 

rarely  oStminahlefrom  rerbal  deacHption.    This  matt  mffreeakle  gishisie  m^  le  dtmtiktd m 

a  wort  ^Aiormnn  in  leittrprraa.**^PATmi€ifT, 


LATKLV  ITBLISHEn  BY  LONOMAN  ANI>  CO.  11 

® -  # 

VOYAGBSy    TRAVBIiSy    BTO.—  continvkd. 


SKETCH  of  AXCIENT  and  MODERN  GEOGRAPHY. 

By  Samuel  Butlrh,  D.D. 

Lord  Bishop  of  Lichfield  and  Coventry,  late  Head  Master  of  Shrewsbniy  Royal  Free 

Grammar  SchooL 

8vo.  New  Edition,  corrected,  9».  bds. 
An  Abridgment  of  the  same.     12mo.  price  2b.  cloth. 

By  the  same  Author, 


inf(  of  23  Coloured  Maps,  with  a  complete 
accentuated  Index.    8vo.  ISs.  hf-bd. 

General  Atlas  of  Ancient  and  Modern 


Atlas  of  Modem  GeogrrJ^pliy,  consist- 

inir  of  23  Coloured  Maps,  fnim  a  New  i^et 

of  Platett,  with  an  Index  of  all  the  Names. 

«vo.  12a.  hf-bd.  Geoirraphy,  45  Co|j>ured  Maps,  and  two 

Atlas  of  Ancient  Geogrrapby,  consist-    j      Indexes.    4to.  248.  half-bouna. 

*»*  The  Latitude  and  Loniritude  are  glren  in  the  Indexes  to  these  AtUaes. 


ENCYCLOPEDIA  of  GEOGRAPHY: 

Comprising  a  complete  Description  of  the  Earth ;  exhibitinc  ita  Relation  to  the  Heavenly 

Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry, 

Commerce,  Political  Institutions,  and  Ci\il  and  Social  State  of  all  Nations. 

By  Hugh  Murray,  F.R.S.E. 

Assisted  in 

Astronomy,  &c.  byProfessor  Wallace ;   |   Botany,  &c.  by  Sir  W.  J.  Hooker ; 
Gkology,  &c.  by  Professor  Jameson ;     |   Zoology,  &c.  by  W.  Swainson,  Esq. 

With  82  Maps,  drawn  by  Sidney  Hall ;  and  upwards  of  1000  other  Enfcraving^s  on  Wood, 
from  Drawings  by  Swainson,  T.  Landseer,  Sowerby,  Strutt,  &c.,  representinr  the  most 
remarkable  objects  of  Nature  and  Art  in  every  Rerion  of  the  Globe.  Complete  in  one 
thick  volume  of  upwards  of  1500  paj^es,  8vo.  j£?.  hf-bd.  vellum. 

"  // 1*  unihmtt  a  nj?o/,"— Asiatic  Journal. 
"  The  most  perfect  book  on  its  subfeutJ*'' — Atlas. 


NEW  GENERAL  ATLAS  of  FIFTY-THREE  MAPS, 

ON  colombirr  paper; 

With  the  Divisions  and  Boundaries  carefully  Colourrd. 

Constructed  entirely  from  New  Drawinf^s,  and  ens^ved  by  Sidnbv  Hall. 

Corrected  to  the  present  time. 

Folded  in  half,  and  bound  in  canvas j^  18    6 

Ditto,  half-bound  in  Russia  9    9    0 

In  the  full  extended  site  of  the  Maps,  half-bound  in  Russia ....  10    0    0 

Alphabetical  Index  of  all  the  Names  contained  in  the  above  Atlas, 

With  References  to  the  Number  of  the  Maps,  and  to  the  Latitude  and  Lonf^tude  in  which 

the  Places  are  to  be  found.    Ro>'al  8\'o.  2l8.  cloth. 


EDINBURGH  GAZETTEER; 

Containing  a  Description  of  the  various  Countries,  States,  Cities,  Towns,  Mountains, 

Seas,  Rivers,  Harbours,  &c.  of  the  World. 

2d  Edit.  8vo.  with  an  Abstract  of  the  last  Population  Return,  and  Maps,  18s. 

As  an  Accompaniment  to  the  above  Work, 

New  General  Atlas,  constmcted  by  A.  Arrowsmith. 

Comprehended  in  Fifty-four  Maps,  includinfr  Two  New  Maps,  with  Recent  Discoveries. 

Royal  4to.  half-bound,  £\.  16s.  plain ;  coloured,  jCT.  13s.  6d. 
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COMMERCE,  ETC. 


A  HISTORY  of  PRICES, 

With  rtfiereiice  to  the  Causes  of  their  principal  Variations,  from  1791  to  the  present  time. 

Preceded  by  a  brief  Sketch  of  the  HISTORY  of  the  CORN  TRADE 

in  the  last  two  Centuries. 

By  Thomas  Tookk,  Esq.  F.R.S. 

9  vols.  8¥0.  price  ^.  16s.  cloth  lettered. 

"  In  a  book  fateljf  ptMisked*  written  bf  a  gentleman  of  the  kigheat  poeaihle  autkoritf—Mr. 
Tooke — there  appeared  $o  perfect  and  accurate  a  deecriptiont  not  onlg  of  the  exiMting  Mate  of 
the  revenue,  and  of  the  expenditure  of  the  eountrpt  b%U  alao  oftheeau$ee  whieh  had  led  to  that 
Blate,  that  with  the  permiuUmf**  4rc.  4re.  4re.— Extract  from  Mr.  Spring  Rick's  Speech  on 

[the  18th  May. 

A  DICTIONARY, 

PRACTICAL,  THEORETICAL,  and  HISTORICAL, 

or 

COMMERCE  and   COMMERCIAL    NAVIGATION. 

inastrated  with  Maps  and  Plans. 

A  New  Edition,  corrected  and  improved,  in  1  closely  and  beautiMly-printed  volume, 

containing^  upwaTds  of  1350  pa^es,  Ms.  bds. 

By  J.  R.  M'CuLLOCH,  Esq. 

In  correctinif  this  edition,  the  author  has  been  assisted  by  valuable  information  com- 
municated by  many  private  and  some  official  f^entlemen  in  different  parts  of  the  wtirld. 
In  this  respect  he  is  under  especial  obligations  to  the  f(ovemment  or  Prussia.  With  a 
liberality  of  which  there  are  certainly  few  (if  any)  examples,  it  has  not  merely  taken  iiainn 
to  supply  him  with  ample  and  authentic  details  as  to  the  Commerce,  Finances,  &c.  of 
that  llourishing  kingdom,  but  has  authorised  him  to  make  any  use  he  pleased  of  the  in- 
formation so  communicated,  without  stipulation  or  condition  of  any  kind,  or  so  much  as 
insinuating,  directly  or  indirectly,  what  might  be  agreeable  to  it. 


LIBER  MERCATORIS;  or,  The  Merchant's  Manual: 

Being  a  practical  Treatise  on  Bills  of  Exchange,  particulariy  as  reUting  to  the  Customs 
of  Merchants ;  with  the  French  Code  relating  to  Bills  of  Exchange. 

By  F.  HoBLER,  Jun.  Attomey-at-Law ; 
Author  of  "  FUniliar  Exercises  between  an  Attorney  and  hia  Articled  GakJ^ 

Fcp.  8vo.  88.  cloth  lettered. 


STEEL'S   SHIPMASTER'S  ASSISTANT, 

and  OWNER'S  MANUAL; 

Containing  General  and  Legal  Information  necessary  for  Owners  and  Hasten  of  Ships, 
Ship-Brokers,  l*ilots,  and  other  persons  connected  with  the  Merchant  Serrioe.  New 
Edition,  newly  arranged,  and  corrected  (containing  the  New  Customs,  Laws,  &c.) 
by  J.  Stikbman,  Custom-House  Agent.  With  Tabhn  of  Weights,  Measures,  Monies, 
&c.  by  Dr.  Kelly.    1  large  and  closely-printed  vol.  Sis.  bds. ;  »s.  8d.  bd. 


CONVERSATIONS  on  POLITICAL  ECONOMY. 

By  Jane  Marcbt.    llmo.  6th  Edition,  Os.  bds. 

By  the  same  Authoress, 

John  Hopkins'  Notions  on  Political  Economy.     12iiio.  4t.  6d. 


THE  HISTORY  and  PRINCIPLES  of 

By  J.  W.  OiLBABT.   4fhBdit.enlRn(ed,8vo.«BL 

This  book  maybe  considered  as  a  grammar  of  banking.    Ae  cmnl  vnAor  mav 
here  acquire  a  competent  knowledge  of  most  of  the  fecU  and  princTples  eomectcd  with 


k- 


the  subject. 
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NOVELS  &  WORKS  OF  FICTION. 


THE     ROBBER:     A    Tale. 

By  the  Author  of  "  The  Gipsy,**  &c.  &c.  &c. 
3  vols,  post  8vo.  jeu  lis.  6d. 
"  Iligtu  full  of  the  deepeit  interett,  the  tweetett  philoaophpf  admimble  portraits  of  eha- 
raetert,  and  gorgeous  and  powerful  descriptUms,  as  a$i^  work  we  have  read  for  manff  jfears.^* 

Ck>UBT  JoubnaXm 
"  The  best  of  Mr.  Jame^s  romofMWf.*'— Spbctatob. 


UNIFORM  WITH  "  MARRY AT'S  PIRATB." 

LEILA;    or  the  Seige  of  Granada. 

By  Sir  Edward  Lytton  Bulwbr,  Bart. 

15  Plates  and  Portrait  of  the  Author,  rl.  8vo.  £\.  lis.  6d. ;  Proof  Plates,  £1. 19s.  6d. 

"  These  tales  of  Spain^  from  the  pen  of  the  Author  of  *  Eugene  Aram*  and  *  Rienzi,*  are 
what  might  be  expertrd  from  such  a  quarter— highly  descriptive,  pet  distmct,  frigorous,  and 
impassioned.**— Literary  Gazettb. 


UNIFOBM  WITH  "  BULWEB*S  LBILA.'* 

CAPT.  MARRY APs  PIRATE,  &  THREE  CUTTERS. 

30  Plates,  by  Stanfield,  and  Portrait  of  the  Author,  royal  8vo.  ^1.  lis.  6d. ; 

Proofs,  £2,  128.  6d. 

**  Captain  Marry  at  never  produced  at^f  thing  better  than  '  The  Pirate.*  ** 

Mbtbopoutan  Mao. 

THE   DOCTOR,   &c. 

Vol.  v.— Nearly  ready.       Vols.  I.  to  IV.  1^2. 3s. 

**  Rich,  beyond  almost  any  other  of  the  time,  in  the  best  knowlsdge,  and  tn  the  wsoai  6imt- 
tiful  literature,**— QvxRTRRhr  Rbvibw. 


MISCELLANEOUS. 


THE  DOCTRINE  of  the  DELUGE. 

Vindicating  the  Scriptural  Account  from  the  doubts  which  have  recently  been  cast  upon 

it  by  geological  speculations. 

By  the  Rev.  Lbvbson  Vbbmon  Habcoubt. 
3  vols.  8vo.  S6s.  cloth  lettered. 


COLONIZATION  and  CHRISTIANITY: 

A  Popular  History  of  the  Treatment  of  the  Natives  in  all  their  Colonies  by  the  Europeans. 

By  William  Howitt,  Author  of ''The  Book  of  the  Seasons,'*  &c. 
1  vol.  post.  8vo.  10s.  6d.  cloth  lettered. 

By  the  same  Author, 

THE  RURAL  LIFE  of  ENGLAND. 

3  vols,  post  8vo.  beautiftdly  illustrated  with  Woodcuts,  by  S.  Williams,  34s.  cloth  lettered. 

Contents :—lAfe  of  the  Aristocracy;  Life  of  the  Agricnltural  Population ;  Picturesque 
and  Moral  Features  of  the  Country ;  Causes  of  the  strong  Attachment  of  the  English  to 
Country  Life ;  Forests  of  England ;  Habits,  Amusements,  and  Condition  of  the  People. 

"fhte  of  the  most  healthful,  vigorous,  fresh,  and  English-spirited  of  Mr.  Howitt**  pro- 
ductions. It  is  a  work  for  all  classes,  rich  and  poor.  It  is  written  with  rood  sense  and  good 
feeling.  Its  sentiments  are  as  unexceptionable  as  its  descriptions ;  and  we  shall  be  greatly 
ttaken  ,-r    -    -  - 


mistaken  if  it  do  not  pass  through  wumy  editions,  and  obtain  o  wider  eireulation  season  Af 
season.**— CovRT  Journal. 
"  Beaut{M in  iU subject,  beauti/uliniU literary  eMeaUion,ttndbeantifiainiU getting mp,** 

St.  Jambs's  Chroiciclb. 
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MISOSUiANSOUB — contihvkd. 


WOMAN  in  her  SOCI  AL/feDOMESTIC  CHARACTER 

By  Mrs.  John  Sandfokd. 
5th  Edition,  12ino.  6».  in  cloth. 

By  the  same  Autliore.is, 

ON  FEMALE  IMPROVExMENT. 

2  vols.  I2Tno.  l!i<<.  cloth. 

*'  Mr$.  Sau4f"^»  preriau$  wttrk  euiitteit  her  namtf  to  rt^pect,  ttnd  her  prenent  p^r/orutanrp. 
strfHgthewt  her  claim  to  it,    it  is  an  offering  which  her  ««j-  thouid  receirr  with  ifrntitwlt-j*^ 

COU  KT  Jo  L'  RN A  L. 

LACO\;  or.  Many  Tliinj^  in  Few  Words. 

By  the  Rev.  C.  C.  Colton.    New  Kdition,  8vo.  128.  cloth. 


SELECTIONS  from  the  EDINBURCiH  REVIEW; 

With  a  preliniiuary  Dissertation  and  Notes. 
Edited  by  Maurick  Cross,  Esq.    4  laixe  vols.  je^.  3s.  bds. 


LETTERS,  on  the  Snbject  of  the  CATHOLICS, 

To  my  brother  Abraham',  who  lives  in  the  Country. 

By  Fktkr  Plyuley. 

Tost  8vo.  21st  Edition,  7s.  in  cloth. 


WORKS  OF  GENERAL  UTILITY. 


THE    TREASURY    of   KNOWLEDGE, 

And  LIBRARY  of  RKFERENCE. 
By  Samuel  MAirNDKR. 

In  Tvi'o  Parts :  the  Ist  Part  coiisimtiiiff  of  a  new  and  enlarged  EnerliMh  I)ictinnar>'. 

a  GrATnmar,  Tables  of  Verbal  Dictinctions,  with  Exanipiefi,  &'c. ; 

the  3d  Part  inclndinif,  anions  many  other  thincrs  of  value,  a  new  Universal  (lazt'tteer, 

a  Classical  I>ictionarv,  a  Compendium  of  (Tlironolozy  and  History, 

a  Dictionary  of  I^w  Terms,  and  varions  useful  Tables. 

The  whole  uniquely  burrounded  by  Moral  Maxims  and  Proverbs.    9th  Edition, 
1  thick  vol.  royal  18mo.  neatly  printed  in  pearl,  8s.  6d.  d. ;  or  lOs.  6d.  emlK)s»o<l  and  pit. 


INSTRUCTIONS  U)  YOUNG  SPORTSxMEN. 

By  Ucut.-Col.  P.  Hawkbr. 

8th  Edition,  irreatly  enlarpred  and  thoroughly  revised,  with  new  Cuts  of  Heads  of  Wild 

and  Tame  Swans,  all  his  last  new  Coast  Gear,  with  many  other  original  subject<<,  and 

containing^  altoipether  GO  Plates  and  Woodcuts,  I  vol.  8vo.  x'l.  Is.  cloth  lettered. 

"  Col.  Ha»pker*$  *  Iiutruetioiu  to  Sporttmem*  it  the  fterp  hewi  took  we  httee  m»  the  twbjrrt.** 

Blackwood**  Mauazikb. 


THE  GUN ; 

Or,  a  Treatise  on  the  Nature,  Principle,  and  Manufacture  of  the  various  descriptioiis  of 

Small  Fire  Arms. 

By  William  Ghbbnbr.    1  vol.  8vo.  Plates,  Ita. 

"  /  have  no  hesitation  in  myitut  that  I  consider  it  bjt  far  the  be^  work  ever  writteu  •»  tke 
subject,  and  I  should  recommend  the  perusal  of  it  to  eeerjf  gun-maker  m  the  United  Kingdom,** 

liBTTBR  FROM  COLONBL  HaWKBB. 

HINTS  to  MOTHERS,  for  the  Management  of  Health. 

By  Thos.  Bull,  M.D.  Physician- Accoucheur  to  the  Flnsbury  MMlwifery  luftitntioii,  te. 

Fcp.  8\'o.  68.  cloth  lettered. 

"There  is  no  mother  that  will  mot  be  heortifytkank/kl  tut  this  hook  evt!r/eaimi»  km' i 
tmd  no  husboMd  who  sho%dd  n^  present  it  to  his  w{fe.    We 


on  alt  whom  it  eracerM."'EcLBCTic  Rbyibw. 
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WOSKS   OF  OBMEBAIi   UTIUTY— continukd. 


TOMLINS'S  POPULAR  LAW  DICTIONARY. 

1  thick  volumis  po8t  8vn.  18s.  cloth  lettered. 
A  mlume.  of  the  greatmt  utility,  and  uffnrdt  a  rasf  nuiM  of  information  euumtiaUjf 
necettary  to  almost  errrjf  man  in  kit  ordiruirjf  oturupatiomt  of  life." — WkkklY  DI8PATCH. 


t( 


PLAIN  DIRECTIONS  for  making  WILLS 

In  conformity  with  the  New  Act,  which  came  into  oi>eration  on  the  1st  Janutry. 

By  J.  C.  Hudson,  of  the  Legacy  Duty  Office,  London. 

6th  Edition,  fcp.  8vo.  price  lialf-a-Crown,  neatly  done  up  in  cloth,  gilt  edg^es. 

By  the  same  Author, 

THE  EXECUTOR'S  GUIDE. 

Fcp.  8vo.  5s.  in  cloth,  jfilt  etla:cs. 


HINTS    on     ETIQUETTE; 

AND  THE  USAGES  OF  SOCIETY,  8cc. 

By  Ay»yos. 
I6th  E<iition,  frap.  8vo.  2s.  6d.  f^ilt  edjces. 


SHORT  WHIST;  its  Rise,  Progress,  and  Laws: 

Togfether  with  Maxims  for  Beginners,  and  Observations  to  make  any  one  a  Whist  Player. 

By  Major  A*****. 
5th  Edition,  fcp.  8vo.  with  Frontispiece,  3s.  in  fancy  cloth,  g;ilt  edfj^s. 


INSTRUCTIONS    to    tXECUTORS 

And  ADMINISTRATORS; 

Shewing:  the  Duties  and  Respon.sibilities  incident  to  the  due  Performance  of 
their  Trusts ;  with  Forms  properly  filled  up  for  every  Bequest. 

By  J.  H.  Brady,  late  of  the  Leg^acy  Duty  Office,  Somerset  House. 

8vo.  6th  Edit,  improved  to  the  latest  date,  8s. 

%*  This  work  contains  information  of  a  more  Technical  Nature  than  Mr.  Hndson's  work, 
and  is  therefore  adapted  to  the  use  of  Attorneys  as  well  as  the  Public. 


DOMESTIC  DUTIES  ; 

Or,  Instructions  to  Youn^  Married  Ladies  on  the  ManaGrement  of  their  Households,  &c.  &c. 

By  Mrs.  William  Parkks.    12mo.  4th  Edition,  10s.  6d.  cloth  lettered. 

•*  The  volume  before  u»  i*  a  perfect  vadr  MKCUM  for  the  ponnif  married  ladp,  who  majf 
retort  to  it  on  all  quettionu  of  household  economy  and  etiquette." — New  Monthly  Mao. 


0\  THE 

VALUATION  of  PROPERTY  for  die  POOR'S  RATE. 

By  J.  S.  Bayldon.    8vo.  New  Edition,  enlarged,  7s.  6d. 

By  the  same  Author, 

Art  of  Valuing  Rents  and  Tillages,  &c.    New  Edition,  7s.  bds. 


COMPLETION  OP  RIODLE'S  LATIN  DICTIONARY. 

AN    ENGLISH-LATIN    DICTIONARY. 

By  the  Rev.  J.  £.  Riddle. 

8vo.  lOs.  6d.  in  cloth.— Tn  he  published  in  August. 

*»*  The  Latin-Enolish,  price  One  Guinea,  in  cloth. 

"  We  do  not  think  we  could  use  terms  too  high  to  express  our  entire  approbation  and  admi' 
rutUm  of  it.    It  is  a  vast  improvement  in  its  efaw."— Literary  Gazette. 

The  two  parts  together,  jtfl.  lis.  6d.  in  cloth. 

The  Latin-English,  abridged  fbr  ScbooLi,  7s.  bound. 

The  Enqlish-Latin  Abridgment  is  in  prepantion. 
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ARCHITECTURE,  ROAD-MAKING, 
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DICTIONARY  of  the  ARCHITECTURE  and 

ARCHAEOLOGY  of  the  MIDDLE  AGES ; 

Including  the  Words  used  by  Old  and  Modern  Aathors,  &c.  &c.  &c. 

By  John  Bbitton,  F.SA.  &c. 

1  Urge  volume,  royal  8vo.  illastrated  by  41  Enfrravings  by  J.  Li  Kbux,  ^62. 16s. ;  I 

mediam  4to.  ^85. ;  imperial  4to.  j^.  7s. 


T.  F.  HUNTS  ARCHITECTURAL  WORKS. 


Hints  on  Picturesque  Domestic  Ar- 
chitecture; in  a  Series  of  Designs  for 
Gate  Lodges,  Gamekeepers' Cottages,&c. 
4to.  NewEdltion,  2ls. 

Designs  for  Lodges,  Gardeners' 
Houses,  and  other  Buildings,  in  the 
Modem  or  Italian  Style.    4to.  21  s. 


Designs  for  Parsonage-Houses,  Aims- 
Houses,  &c.    4to.  21s. 

Exemplars  of  Tudor  Architecture, 
adapted  to  Modem  Habitations;  with 
iUustrative  Details,  &c.    4to.  ^2. 28. 


The  above  may  be  had  with  Proof  Impressions  of  the  Plates  on  India  Paper. 


ELEMENTS  of  MUSICAL  COMPOSITION; 

Comprehending  the  Rules  of  Thorough  Bass,  and  the  Theory  of  Tuning. 

By  William  Crotch,  Mus.  Doc.  Professor  of  Music  in  the  University  of  Oxfcnnd. 

2d  Edition,  small  4to.  with  Plates,  128.  in  doth. 

By  the  same  Author, 

LECTURES  on  MUSIC.     7s.  6d. 


ENCYCLOPJSDIA  of  COTTAGE,  FARM,  &  VILLA 

ARCHITECTURE  and  FURNITURE. 
By  J.  C  LonnoN,  F.L.S.  &c. 

New  Edition,  1  large  vol.  8vo.  with  above  1100  pages  of  Letterpress, 
and  illustrated  with  upwards  of  2000  Engravings,  jefS.  boards. 


A  TREATISE  on  ROADS  : 

Wherein  the  principles  on  which  Roads  should  be  made  are  explained  and  illustrated, 
by  the  Plans,  Specifications,  and  Contracts,  made  use  of  byThos.  Telford,  Eaq, 

on  the  Holyhead  Road. 

By  the  Rt.  Hon.  Sir  Hkhbt  Parnbll,  Bart.  Hon.  Mem.  Inst.  Civ.  Engin.  Lond. 

2d  Edition,  greatly  enlarged,  with  9  large  Plates  (2  of  which  are  new),  218.  cloth  lettered. 


PRACTICAL  TREATISE  on  RAILROADS 

And  INTERIOR  COMMUNICATION  in  GENERAL. 

Containing  the  Performances  of  the  improved  Locomotive  Engines :  with  l^bles  of  the 
Comparative  Cost  of  Conveyance  on  Canals,  Raitways,  and  Turnpike  Roads. 

By  Nicholas  Wood,  Colliery  Viewer,  Mem.  Inst.  Civ.  Engin.  ftc. 

Sd  Edition,  very  greatly  enlarged,  with  IS  large  Plates  (several  of  which  are  new,  and 

the  rest  have  been  re-drawn  and  re-engraved)  and  several  new  Woodcuts, 

price  One  Guinea  and  a  Half,  in  cloth. 

TREATISE  on  the  STEAM  ENGINE; 

Historical,  Practical,  and  Descriptive. 

By  John  Farbt,  Engineer. 

4to.  illustrated  by  numerous  Woodcuts,  and  25  Copperplates,  engraved  by  Wilson  Lowry, 

fh>m  Drawings  by  Messrs.  Farey. 

jgS.  58.  bds.— Vol.  II.  if  in  theproB, 
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REMARKS  on  Ae 

PRESENT  SYSTEM  of  ROAD-MAKING. 

By  John  Loudon  M'Adam. 
8V0.  7s.  6d.  boards. 

Wilson  and  Son,  Printbrs,  57,  Skinnbr  Strbjr,  Lohdojt. 
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